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PREFACE

-

The concept of using solar energy is not a new one; fiowever, the feasibility of using solar
applications on residential structures has only now come of age. With increased emphasis
being placed in this area, several problems presently exist in our vocational training pro-
grams.

s
Of paramount importance is the need to find quality instructional materials which are
up-to-date, economical, and easy to use, as well as flexible enough to fit into many types of
programs.

Residential Solar Systems attempts to solve this problem by presenting highly technical
solar system processes in an easy to understand format. The materials are presented in four,
well illustrated units, and the assignment and job sheets are practical and fun to do. This
text is basically designed to supplement other instructional materials and to extend student
skills in areas such as architectural drafting, air conditioning and refrigeration, and plumbing,
yet it is complete enough to serve almost any basic solar program.

Progress in residential solar applicatiqps.is crawling along at a time when the urgency created
by diminishing fos-sil-fuel supplies dictates a need to run. We hope that Residential Solar
Systems will help students and put advances in solar technology to work in residential
America.

Ann,Benson
Executive Director
Mid-AmericaVorAtional

Curriculum Consortium
,



ACKNOWLEDGEMENTS

Appreciation is,extended to those individuals who contributed their time and talents in the
development of Residential Solar Systems.

The cbntents of this publicatiqn were planned and reviewed by:

Mid-America Vocational Curriculum Consortium Committee

Bruce Yancey
, W.H. Parkison

Ronald D. Davis
, Karen Schertz

Rick Roman
Gerald R. McClain
John H. Schmelz
Milton Moore
Keith Lockard
Jamei Brown
Thomas M. Palmer
Charles E. Carbonneau
William Payne
Joe Porter

Hunter, Oklahoma
Natchitoches, Louisiana
Wayne, Oklahoma
Boulder, Colorado
Austin, Texas
Stillwater, Oklahoma
Senta Fe, New Mexico
St. Joseph, Missouri
Lincoln, Nebraska
Pine Bluff, Arkansas
Devil's Lake, North Dakota
Watertown, South Dakota
Westminster, Colorado
Pittsburg, 'Kansas

Special appreciation is extended to Jack Hefoer and Bill Hill of the Oklahoma State Depart-
-)

ment staff, representing suite level supervision, anito Tom Sutherlin, teacher educator at
Cameron University, for their technical assistance wRh the text.

We extend a special thank you to the Copper Development Association, Inc. for permission
to reprint text materials and illustrations from their publication, Solar Energy Systems, and
to Mr. Conrad D. Gohlinghorst of Stamford, Connecticut for his efforts in making those
materials available.

We also express appreciation to the U.S. Department of Energy for their many efforts in
solar energy research and application and the many excellent publications those efforts have
produced. We have utilized much, material from the Department of Energy's Solar Energy .

Project and several of the publications in that series, as well as other materials developed for
the Department of Energy under grants and contracts.

Another well deserved thank you goes to the staff members of the Conservation and Renew-
able Energy Inquiry and Referral Service in Silver Splings, Maryland, for their guidance in
selecting material and for, their helpful technical advice with several segments of the text.

A special thank you is extended to Leonard Cokeley, southwest district supervisor in the
Trade and Industrial Education Division of the Oklahoma State Departroent of Vocational
and Technical Education for his technical assistance in checking the accura of information
presented in this text.

Appreciation is extended to the Graphics Division of the Oklahoma State Department of
ocational and Technical Education for typing, providing artwork, and printing this publi-
tion.

Thanks are also extended to Jane Huston, Mary Kellum, and Dan Fulkergon libr their- assis-
tance with editing and proofreading.

,ce
vii



s

;

J

REFERENCES

(NOTE: This is an alphabetized list of references used in completing this text.)

Logan, Joe D. Solar Energy: Passive Systems. St. Louis, MO: Milliken Publishing Co., 1980.

Passive Design Ideas for the Energy Conscious Consumer. Rockville, MD 20850: National
Solar Heating and Cooling Information Center, 1979.

Sheet Met-al and Air Conditioning ContractorsNational Association. Fundamentals of
Solar Heating. Washington, D.C. 2 545: U.S. Department of Energy, 1978.

Solar Energy Applications Laborat y, Colorado State University. Solar Heating and Cool-
ing of Residential Buildings, Design ystemstyashington,.P.C. 20402: U.S. Depaameni of
Commerce, 1977.

Solar Energy Project, Earth Science Activities. Washington, D.C. 20545: Us. Department
of Energy, 1979. / ,

. , .
,

,

Solar Energy Project, General Solar Topics. Washington, D.C. 2Q402: U.S. DepaQment
of Energy, 1979.

Solar Energy Project; Reader. -Washington, D.C. 20545: U:S. Department of Energy, 1979,

Solar Energy Project, Text. Washington, D.C. 20402: U.S. Department of Energy, 1979.
. .

Solar Energy Research Institute. Photovoltaics So7ar Electric Power Systems. Washington,
D.C. 20402: U.S. Department of Energy, 1980.

Solar Energy Systems. New York, NIY 10174:, Copper Detelopment Association, Inc
1979. . .'
The American Planning Association. Protecting Solar Access for. Residential pevelopment:
A Guidebook for Planning Officials. Washington, D.C.)20402: U.S. Department of 1-louiing
and Urban Development and U.S. Department of Energy, 1909.

..

ADDITIONAL REFERENCES

.
,

(NOTE: This is an alphaiaetized list of additional references which would be 6eneficial
as supplemental teaching aids.) . I'0

Direct Use of the Sun's Energy. Farrington Daniels; Ballantine Books, Inc., '457 Hahn Rd.,
Westminster, MD 21157. .

o

Energy for Survival. Wilson Clark (1974Y; Doubleday & Co., Inc., 277 Park Ave., New York,
NY 10017.

.,

Energy Primer. Portola Institute; Whole Earth Truck Store, 558 Santa Cruz Ave., Menlo
Park, CA 94025.

fX

.

ih.



Illustrated Solar Energy Guide of Flat-Plate Collectors for Practical Home App licatiiih.
E.I. & I. Associates, P.O. Box 37, Newbury Park, CA g1320. .

Solar Energy and Shelter Design. Bruce Anderson (1973); Total* Environmental Action,
Church Hill, Harrisville, NH 03450.

Solar Energy for Man. B.J.
Somerset, NJ 08873.

Solar Science Projects. D.S.
wood Cliffs, NJ 07632.

-

\,

t

r

a

/

_

Brinkworth (1973); John Wiley & Sons, Inc., One Wile,/ Dr.,
,

Ha lacy, Jr.; Scholastic Book Services, 900 Sylvan Ave., Engle-

,

c

\

?

,

,

x

k

9
...
f'S

_

,

,

4

"Or

w



, RS-1

FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

UNA OBJECTIVE

After completion of this unit, the student should be able to match types of solar systems
with their applications, solve problems conCerning rules of thumb for collector tilt and
collector orientation, and list components of a typical flat plate solar collectbr. The student
should also be able to construct and use a device to measure solar altitude and solar azimuth
and evaluate the use of flat black paint in collecting sensible heat. This knowledpe will be
evidenced by correctly performing the procedures outlined in the assignment and job sheets
and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to fundamentals of solar systems with their correct defini-
tions.

2. Arrange in order the basic sequence of a solar system operation.

3. =Matonypestrfscriar systems with their applications.

4. Circle the words which best complete statements Concerning elements of solar
geometry and their meanings.

5. Solve a problem concerning rules of thumb for collector tilt.

6., Solve a problem concerning rules of thumb for collector orientation.

7.. Complete a list of statements concerning comp6nents of a typical flat plate
collector.

8. Complete a list of statements concerning how the "greenhouse effect" makes
a flat plate collector absorb heat

I.

9. Solve a prOlem concerning the efficiency of flat plate collectors.

10. List two sensible heat storage mediums.

11. Select true statements concerningeguidelines ft(r sensible heat storage.

12. Sele iCt true statements concerning insolation varipbles to consider n solar system
planninr

13. Determibe collector tilt for specific latitudes.'

14. Determine collector orientation for specific situitions.

15. 'Demonstrate the ability to:

a. Construct and use a device to measure solar altitude 'and solar azimuth.

b. Evaluate the use of flat black paint in collecting sensible heat.

1 0



FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

SUGGESTED ACTIVITIES

I. Provide.student with objective sheet.

II. Provide student with information, assignment and job sheets.

III. Make transparencies.

IV. Discuss unit and specific objectives. V

V. Discusrinformation and assignment sheets.

Discusg and demonstrate the procedures outlined in the job sheets.

4

VII. -Invite a local or area architect who has designed a solar application to talk to the
class about the advantages and problems with solar systems in your specific locale.

VI11. Locate a business or resiglence in your area where a solar system is in use and in-
vite the person most familiar with the system to talk to the class about its per-,
formance.

IX. Chtk with your local library, nearby university, or community college to find
books or Other literature about solar, and prepare a list so students will know
what reference materials are available in the area.

*oh
X. Arrange a Visit to a solar supply house or an area business that manufactures col-

lectors cc other solar components and have studetilts make brief reports on what
they find there.

Al. Arrange to have a representative of your state energy department visit the class
and talk about the status of solar and' other alternative energy efforts within
the state.

XI I. Stiow available films or slide presentations about solar systems.

XI I I. Give lest.

INSTRUCTIONAL MATERIALS

I. Included in this unit:-

A. Objective sheet

B. Information sheet

4
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Transparency masters

1. TM 1-Liquid Heat Stoeage Options

2. TM 2-- Rock-Bed Heat Storage Unit

Assignment sheets

1. Assignment Sheet *1-Determine Collector Tilt for Specific Latitudes

2. Assignment Sheet *2-Determine Collector Orientation for Specific
Situations

E. Answers to assignment sheets

F. Job sheets

1. Job Sheet *1-Construct and
and Solar Azimuth 0

2. Job Sheet *2-Evaluate the
Sensible Heat

G. Test

H. Answers to test

II. References:

Use a Device to Measure Solar Altitude

Use of Flat Black Paint in Collecting

$ A. Solar Energy Systems. New York, NY 10174: Copper Development Assoc*
tion, Inc., 1979.

B. Solar Energy Applications Laboratory, Colorado State University.. Solar
Heating and Cooling of Residential Buildings, Design Systems. Washington,
D.C. 20402: U.S. Department of Commerce, 1977.

C. Passive Design Ideas for the Energy Conscious Consumer. Rockville, MD
20850: National Solar Heating and Cooling Information Center, 1979.

D. Solar Energy Project, Earth Science Activitie& Washington, D.C. 20545: U.S.
Department of Energy, 1979.

I I I. Additional references:

(NOTE: These materials would be beneficial as supplemental teaching aids and
can be obtained bylmiting the below listed addresses.)

A. Solar Science Projects. D.S. Halacy, Jr.; Scholastic Book Services, 900 Sylvan .

Ave., Englewood Cliffs, NJ 07632.

B. Erfergy Primer. Portola Institute; Whole Earth Truck Store, 558 Santa
Cruz Ave., Menlo Park, CA 94025.

C. Direct Use of the Sun's Energy. Farrington. Daniels; Ballantine Books,
Inc., 457 Hahn Rd., Westminster, MD 21157.

.1 '2



D. Energy for SurGiiml. Wilson Clark (1974); Doubleday & Co., Inc., 277

.00

RS-5

Park Ave., NewKork, NY 10017.

E. Solar. Energy( and Shelter Design. Brucil Anderson (1973); Total Environ-
mental Actidn, Church Hill, Harrisville,40103450.

l

. .
F. Solar Energy for Man. B.J. Brinkworth i1973); John Wiley & Sons, Inc.,

One Wiley Dr., Somerset, NJ 08873.

G. Illustrated Solar Energy Guide cif Flat-Plate Collectors for Practical Home
Application. E.I. & I. Assdciates, P.O. Box 37, Newbury Park, CA 91320.
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FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

II4FORMATION SHEET

I. .. Terms arrd definitions

A: Absorptivity-The ratio of ila IF energy absorlied by a surface compared
. to the tOtal amount of Solar enet0 striking the surface

. -

. . . ..4 , - ,., .
, . B.- Glizing-,G lass panes Or:Plastic sheets' Used to cover solar collectors

. _

6. Greenhouse effect-the tendency. of some transpaCent materials, such as
'glass, to both transmit and block radiation, resulting in both direct and
indirect heat gain

J.

Example:

D.

tzt

Heat transfer--The transfer of heat fromlone substance or region to another

Sunlight shining into a room through a glass window prd-
duces a direct he t gain.to the immediate area the sun's rays
strike, but the rdiation is absorbed and stored and also-,
results in an indir t heat gain to adjacent spaces

E. Sensible heit-Heat that.cap be physically felt A "sensed" or absorbed by a
liquid or solid mass

F. Thermal mass--The potential heat storage capacity of a given substance
or system

G. Insolation-The total solar energy received at any given point on the earth's
surface

H. %Trine i:adiation-Portions of the sun radiation diffused o; scattered
by atmospheric patticlek clouds, and pollu ants; atcounts for about 45% of
total insolation on a bright, clear day..

410
I. Direct radiation--The remainder of radiation not reflected, absorbed, or

diffused that passes more or less directly to the earth's surface from the sun

J. Btu--British thermal unit; the amount of heat required to raise the tempera-
ture of one pound of water one degree Fahrenheit ,

1/4

K. Infrared rays--Long-wave rays in solar radiation that characterized
by their'heating effect when they strike a surface on the earth

L. Re-emit--The tendency of a material or substance to discharge infrared
rays which it has absorbed; someOimest.called re-radiation

Basic sequence of a solar system operation

A. Available energy must be collected

B. Collected energy must stored

C. Stored energy must 13e distributed

L

, RS-7
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INFORMATION SHEET

Types of solar systems and their a lications

A. Active' sy.stem--A solar heating or cooling system that uses external mechan-
ical power to move or store solar heat .

B: Passive system--A solar heat g or cooling systeril that does not use external
mechanical power tocmove store solar heat .

C. Hybrid system--A solar eatihg or cooling system which combines both
ective and passive systems

IV. Elements of solar geometry and Oeir meanings (Figure 1)

A. Solar altitude--The angle of the sun's position in e sky with respect to the
,earth

B. Solar azimuth--The position of the surr with respect to cpMpass.directions

(NOTE: Because solar altitude and solar azimuth vary with each 4lay of the
year according to latitude, the elements in combination affect both tilt angle
and orientation of solar collectors.)

FIGURE 1

SPRINGIFALL -
EQUINOX

WINTER
SOLSTICE

// 4,

/
z SOLAR

ALUTUDE

1

Courtesy Copper Development Association Inc.
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V. Rules of/thumb for'collector tilt (Figtre 2)
441-

A. To collect the most radiation in winter, tilt.the collector a an angle equal to
the latitude plus 15 degrees

' - -,- , . '
B. To collect the most radiation in summer:tilt ihe collector at an angle eq,kar

to the latitude minus 15 degrees .

)

..

C. To.Collect the most radiation averaged over the year, tilt the collector a
1

an
,

angle approximately eq u a I to the latitude

FIGURE 2
4
,,

SUMMER
CONDITIONS

COLLECTOR
TILT ANGLE.

,

$c *

i
/

p

's

:i
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INFORMATION SHEET

A

VI. Rules of thumb for collector orientation

A. In winter, a south-facin9 orientation receives more racnkion than a southeast
or southwest orientation

B. In summer, a south-facing orientation receives slightly less radiation than a
sOuth-southeast or a south-southwest orientation

C. In areas that experience morning haze, peak collection may be experienced
by a collector which faces 10 to 15 degrees west of south

Components of a typical flat plate collector (Figure 3)
4

A. Flat plate collectors typicalfrus liquid as the heat transfer medium

B. Flat plate collectors typiCaHyl have blackened co' ometimes other
metals) absorber plates with an integrated, or attached arra of copper tubes

C. Beneath the absorber plate is an insulatin9 material that retards loss of the
absorbed heat through the back of the collector panel

FIGURE 3

INLET

_
CAZOPERRBER

(41; '.;°' tti
COPPER TUBES

PLATE

1111 111 I
I

WAWA% i

OUTLET

GLAZING
COVER

INSULATION

THERMAL
'BREAK BETWEEN
COLLECTOR
FRAMING
AND ABSORBER

Courtesy Copper Development Association Inc.
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INFORMATION SHEET

VIII. How the "greenhouse effect makes a flat Plate collector absorb heat

A. In order to collect as much energy as possible, collectors are often covered
with a glazing material of glass or plastic which are highly transparent to
incoming solar radiation

B. These covers serve as insulation over the absorber plate and keep convective
heat losses down

C. Since glass or certain plastics are vi paque to the outgoing long-wave
infrared radiation, the radiation d inside the collector and this
bhenomenon in known as the "gree Jse effect"

Example: Greenhouses function because of the effect, but on a larger
scale, the earth itself creates a "greenhouse effect" by absorb-
ing solar radiation and turning it into longer wavelength
infrared rays; these longer infrared rays cannat easily pass
back through the atmosphere into space because certain
substances, like carbon dioxide and water in the atmosphere,
absorb them; when this energy is prevented from escaping
back into space, the "greenhouse effect" occurs.

IX. Efficiency of flat plate collectors
0

>A. collector with a.flat black absorber plate without glazing; much of the
raaiation absorbed by the absorber Plate is re-emitted or-lost from the top
surface and sogie is lost through the.back insulatiqn (Figure 4)

FIGURE 4

RS-11

CONVECTIVE &
RADIATIVE

REFLECTED ' HEAT LOSSES

FROM PLATE1

ASSORBED
RANATION

4

COLLECTED
HEAT

THROUGH
INSUL AT ION

FLAT BLACK ABSORBER PLATE
WITHOUT GLAZING

Courtesy Copper Development Association Inc.
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INFORMATION SHEET

B. In a collector with a flat black absorber plate with glazing cover, the radia-
tien absorbed by the black plate is re-emitted as in the preceding collector,
but the glass cover blocks loss of the re-emitted radiation to the outside;
there is some loss through conduction and convection, but more heat is
retained with a glazing cover (Figure 5)
FIGURE -5

REFLECTED
FROM GLAZING

CONDUCTED &
CONVECTED HEATA

COLLECTEt
HEAT

RADIATION
RE-EMITTED FROM PLATE

. REFLECTED FROM PLATE

THROUGH INS,ULATION
ABSORBED
RADIATION

Fur BLACK Ali01111EN PLATE
WIN OLAZNII COVER

C. In a collector with a selective surface absorber-i)ith glazing cover, a very thin
layer of selected material is applied to the top of the absorber plate; since
the layer's thickness is approximately equal to the wavelength of the in-
coming solar radiation, the selective suffice re-radiate4 much less absorbed

... energy and is more efiicient than other types of collectors (Figure 6)

'FIGURE 6

ort

ABSORBED
RADIATION

&ELECTIVE
StIRFACE

0.......,

REFLECTED

FROM GLAZING

4:004°41,*
*

CONOUCTED &
CONgCTED HEAT

1101°1- 41640411
gob

B ID.okolo4.i...4*
14`,` -

COLLECTED
HEAT

RADIATION
RE-EMITTED FROM PLATE

REFLECTED PROM PLATE

THROUGH INSULATION
V

SELECTIVE SINIFACE AMMER
WIN CLAIM COVEN

al Courtesy Copper Development Association Inc..
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/INFORMATION SHEETf
A

X. Sensible heat storage mediums

A. Water

B. Solid materials such as rock, brick, or adobe -

(NOTE: Sensible heat storage is related to the principle of unit heat capacity
and the amount of energy required to raise the temperature of a unit volume
of a given substance 1°F; although,latent heat storage working on the princi-
ple of changing the physical properties of a substance would afford smaller
solar storage, it is not treated in this unit because the field is still highly
experimental; eutectic salts are utilized in latent heat storage, but meals of
establishing their stability are still being examined.) / .

X I. . Guidelines for sensible heat storage

A. The capacity of sensible heat storage materials is equal to the specific heat of
, the material times its density (Figure 7)

Example:
,

I' FIGURE 7

Water has a specific heat of 1.0 ahd a density of 62.5 lb./cu.
ft.; therefore, ohe cu. ft. of water will rise in temperature 1°F
when 62.5 Btu is applied .

410

Water

ilk Et no Glycol
(7 ) Mixture
(230F)

Specific Heat Density

tklitrirmCmIty

tig,Ngi

62.§

51

waft .
(82.5)

36

1.0

.8

62.5

64.1
Scrap Iron 112 489 65 38

- Magnetite 165 320 53 37
Scrap Aluminum .215 168 , 38 25

Alr. Concrete 27 140 38 28
Rock (Basalt) .20 180 38 25
Brick 2 140 28 20
Rock Salt (W)

(30-70% by weight at 2301 ) 219 136 30 21

I.

.
c

Courtesy Copper beyelopment AssociatiOn Inc.
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INFORMATION SHEET

B. Liquid storage materials are most commonly used with liquid flat plate
collectors

C. Solid storage materials are most commonly used with air flat plate ollectors

D. A larger volume of solid materials is required to attain the same amount of
heat storage as water because the specific heat is much lower for solid
materials than for water

E. With solid storage materials, an additional allowance must also be made for
the circtation of air around the materials to facilifate heat transfer; this
requires a solid-to-void ratio

,

F. A common sOlid-to-void ratio for solid sensible heat storage materials is 70
percent solid to 30 percent void

(NOTE: This means that solid Jima storage volumes will be two to three
times liquid heat storage volumes for the same storage 'capacity; Oreater fan
motor horsepower is also required to circulate air through a solid storage
medium, and larger ductwork is required; these items become important
design considerations when selecting a system.)

G. Liquid systems frequen ly use storage containers made of pre-cast concrete,
concrete block, pressurècpreserved wood, or rammed earth, and most site-
built storage, tanks have le liners to prevent leaks (1rransfferency 1)

H. For liquid storage, the most appropriate storage size is 1 1/2 gallons of water
per square foot of ,collector

I. Rock-bed storage should be sized to provide 50 to 100 pounds of rock per
square foot of collector, and the rock size should be .75 to 1.5 inches; these
sizes insure that the interior of individual rocks can be heated and a good
heat flow mpintained

J. Rock-bed storage bins can be constructed of wood or p're-cast concrete,
but they should be properly sized, 'insulated, waterproofed against the
intrusion of ground water, and sealed with a sealant that will hold up in the
high operating temperatures (Transparency 2)

XI I. Insolation variables to consider in solar system planning

A. Latitude--Over the course of a year, latitude has the greatest single effect on
insolation received at any location

B. Cloud cover--Brings about the greatest day to day variation in insdlatiOn
at any particular locality, and is the least predictable of any of the giriableS-r 6

C.

10 .

Atmospheric turbidity--Haze, smoke, fog, or dust that contributes to the
reductiori in the transparency of the atmosphere and a reduction in insole-
tion

own.'



INFORMATION SHEET

D. Altitude--Increased altitude increases the amo2nt of insolation received

E. Obst uctions--Nealty trees and tall buildings can block off the direct rays of
sunli ht during part of the day, and even if they do noedirectly block the
rays, they may interfere with diffused radiation that would otherwise be
rece ived '

F. Orientation of the land surface--It is good to,remember that most insolation
data is for a horizontal surface; planning for sloping sites requires appropri-
ate modifications in data, especially if the slopes are north-facing

-0-

) 9
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Liquid Heat Storage Options

en CONNECTIONS
THRU TOP OF TANK

B) PRE-CAST CONCR TE TANK ,
(MAY BE LINED WITH COPPER)

mull11111111/1MMIMM11111111111111111

FLEXIBLE LII;ING

INSULATION- .

RAMMED EAATH

NJCS
C) RAMMED EARTH WITH.FLEXIBLE COPPER LINING

Courtesy. Copper Development Association Inc.
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Rock-Bed Heat Siorage Unit

3/4-11/2" Round Pebbles

Concrete Cap Block
Rigid Insulation Bond Beam Block

Courtesy U.S. Department of Energy

RS-19
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FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

ASSIGNMENT SHEET #1--DETERMINE COLLECTOR
TILT FOR SPEcIFIC LATITUDES

A. Determine collector tiLt for an application designed to collect the most radiation in
winter at a latitude of 40°.N

Answer

B. Determine zollector tilt for an aPplication designed to collect the most radiation in
summer at a latitude of 32°N

Answer

C. Determine collector tilt for an application designed to collect the most radiation
averaged over the yea- at a latitude of 36°N 6

Answer

RS-21
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FUNDAMENTAL'S OF SdLAR SYSTEMS
UN

AStIGNMENT SHEET #2--DETERMINE COLLECTOR ORIENTATION
F011 SPECIFIC SITUATIONS .

,

A. For an application designed to collect the most radiation in winter, should the collec-
tor be orient cing south, southeast, or southwest? .44

4 4 .Answer

B. -For an application designed to collct less radiation in Summer, should the collector be
r

oriented facing south, south-Sbutheast, or souih-southwest?

Answer

For A- application in an area thai experiences morning haze, Should the collector
be oriented due south or 10 to 15 degrees west of south?

Answer

40.

ij

p 14.4

Ago

gov

I.
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FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

.01

Assignment Sheet #1

A. 550
B.. 171
C. 3

Assignment heef#2

A. South
B. South
C. 10 to 15 egrees west of south

SWERS.TO ASSIGNMENZT SHEETS

411

.4

4 1.

ah.

/

4
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FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

,

JOB SHEET #1--CONSTRUCT AND USE A DEVICE TO MEASURE
SOLAR ALTITUDE AND SOLAR AZIMUTH

I. Tools and materials

A. Small pegboard

NB. 3/8-incti wood dowels

C. Magnetic compass

D. Bubble level

E. Clock or watch
t

F. Paper and pencil

(3. Straightedge

H. Protractor

\

u

,;.

i

Prdcedure

,
A. Locate the mid-point of one long edge of the pegboard

B. Place the dowel into the hare six rows in from the mid-point

C. Place a piece of paper on the board by pushing it doilp over the dowel
(Figure 1) ..

D. Remove the paPer from the board

E. Draw two lines on the paper so that both lines pass through the center
of the hole with one line parallel to the long side of the paper and one line
parallel with the short side of the paper (Figure 1)

(NOTE: These two line be perpericular to each other, at right
angles or 900.)

F. Mark the ends N-S. E-W to show compass directions to use in lining the
board (Figure 1) ,

G. Set the board in
,

a horizontal position where it will receive the direct rays of
the sun most of the day

I

tt,

.



JOB SHEET #1

H. Align the board witJSt.ompass as shown in Figure 1

FIGURE 1 SUNS RAYS

SOUTH

WOODEN DOWEL

COMPASS

7sib NORTH

BC4rRD

I. Use the bubble\ level to check that the board is level; if needed, level the
. board

Courtesy U.S. Department of Enerty

J. Measure and recorl the height of the dowel above the top surface of the
board

K. Begin at zero minOtes, and at each 15 minute interval, draw a line on the
papershowing the position of the shadow

(NOTE: Be careful to mark the end of the shadow accurately; since positions
of the shadows are needed throughout the day, students-from other classes
may have to work with previously collected data.)

L Record the time and date for each shadow drawn

(NOTE: The time should be in increments of 15 minutes.)

*#

30
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JOB SHEET #1

RS-29

M. Measure the a4ds of solar altitude and solar azimuth with the following
procedure:

1. The first angle is the angle between the shadow (s) op the paper and the
slanting angle (HY of the triangle as showrt in Figure 2; this angle is
called the solar altitude

FIGURE 2

° SUNS RAYS

DOWEL

LENGTH Cf
SHADOW(S)

ALTITUDE OF THE SUN

Courtesy U.S. Department of Energy

2. On a separate sheet of paper, draw a right angle tritihgle so that the
vertical tide is equal to the dowel he)ght aOrd the horizontal side isvaiial
to the shadow length

3. Drawl line (H) and measure angle 1, then record date, time, and altitude
of the sun, jn degrees, on the diagram

4. The second angle tells how much east or west of the N-S line the
sun is; this angle is called the solar azimuth (Figure 3)

FIGURE 3

Courtesy U.S. Department of Energy

AZIMUTH (ANGLE 2)
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JOB SI3EET #1
It

.5. Measure angle 2, and record it directly on the apparatus

(NOTE: Angle 2 in Figure 3 should be recorded as' approximately
3014/ because the actual position of the sun is west which causes
the shadow to be cast to the east; if the actual position of the sun were
in the east and the shadow fell the same number of degrees to the west,
angle 2 in Figure 3 would be recorded as 3(rE; remember that the
actual position of ihe sun is the directional reference for the solar
azimuth.)

N. Prepare a data table for the sun's positions, and enter the information
in the following chart:

Date:

Time
Sun's Altitude

in degrees
' Sun's Azimuth

in degrees

.

)

,

1

_

,

L

.

,*

,

,..00

,

.

_

,

i
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JOB SHEET #1

Refer to your data to answer the following questions:

1. Ai what time of day is the sun's shadow shortest?

2. What does this mean?

3. If, you wanted to collect the most energy from the sun, how would .

you position a solar collector?

41a.

4. Since most collectors sre fixed, which direction shoUld a collector
in your area face for best year-round performance?

(NOTE: Consider when you are likely to need the most heat.)

6. Could ybu use your collected data for helping determine the best
window placement for a home in your locale?

6. Explain your answer to question 5.

ta.

RS-31
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.. FUNDAMENTALS OF SOLAR SYSTEM
UNIT I , -

.

.10B SHEET #2:-EVALMATE THE USE.'OF F LAT BLACK PAINT
0 2IN COLLECTING SENSIBLE HEAT

Tools and materials
.40

A. Small cen of flat black paint

6,

B. Paintbrush -

C. Paint thinner for cleaning brush

D. Clean towel
...

E. Two 3-pound coffee cans, with plastic lids

P. Thermometer
_

II. Procedure
'---....---

Paint the outside of one of the coffee cans and plastic lids with flat black
paint and allow the paint to dry

I

B. Fill the two coffee cans'almost full with equal amounts of water and put the
lids on

C. Place the two cans in direct sunlight far enough apart that one will not shade
the other

1
D. Allow the two carols to sit in direct sunlight for at least four hours

E. Record the outdoor temperature-at the end of the testing period

..

F. Take the'two cans inside, remove the lids, and check the temperature of the
water in each can

Unpainted can Painted can

G. Express the value of the ikffon *of flat black paint to the-one can by
comparing .the water temperature inside the two cans; the addition of flat
black paint affects collection and storage of sensible heat (circle one)

Not at all Enough to notice Significantly #

H. Clean work areaand discuss your findings with your instructor .

..

RSL3:.



FUNDAMENTALS OF SOLAR SYSTEMS
UNIT I

NAME

TEST

1. Match the terms on the right with their correct definitions.

a. The ratio of solar energy absorbed by a
surface compired to the totaramount of solar
energy striking the surface

b. Glasi panes or plastic sheets us
solar collectors

to cover

c. The tendency of some transparen materials,
such as glass, to both transmit and block
radiation, resulting in both direct and indirect
heat gain

d. The transfer of heat from one substance
or region to another'

e. Heat that can be phcally felt or "sensed"
or absorbed by a Ufuid or solid mass

f. The potential heat storage capacity of a given
substance or system

The total solar energy received at'any given
point on the earth's surface

Portions of the sun's radiation diffused
or scattered by atmospheric particles, clouds,
and pollutants; accounts for about 45% of
total insolation on a brig t, clear day

g.

4

h.

I. The remainder of r
absorbed, or diffused t
directly to the earth's

I.

iation not reflected,
at ,passes more or less
urface from the sun

British thermal unit; the amount of heat
required to raise the temperature of one
pound of water one degree Fahrenheit ,

-ig-wavi/e. rays in solar radiation that are
characterized by their heating effect when
they strike a surface on the earth

I. The tendency of a material or substance to
discharge infrared rays which it has absorbed;
sometimes called re-radiation

S-35

1. Insolation

2. Absorptivity

3. Sensible heat

4. Glazing

5. Greenhouse effect

6. Direct radiation

7. Thermal mass

8. Diffuse
radiation

9. Heat transfer

10. Re-emit

11. Infrared rays

12. Btu



2. Arrange in order the basic sequence of a solar system operation by placing the
correct sequence number in the appropriate blank.

a. Collected energy must be stored

b. Stored energy must bie distribbted

c. Available energy must be collected

3. Match the types' of solar systems on the right with their

a.

Mt

correct applications.

A solar heating or cooling system that uses
external mechanical power to move or store
solar heat

b. A solar heating or cooling system that does
not use external mechanical power to move or
store solar heat

1, Hybrid system

2. Active system

3. Passive system

c. A solar heating or cooling system which
combines both active and passive systems

4. Circle the words which best complete theCfoll6-wing statements concerning elements
of solar geometry and their meanings.

a. Solar altitude--The angle of the sun's position in the sky with respect to (compass

directions, the earth).

b. Solar azimuth-The position of the (sun, earth) with respect to compass direc-

tions

Solve the following pr-lem concerning rules of thumb for collector tilt; A solar
- ,

system at 42'N latitude needs a collector that wilt c011ect the rriost radialn during,
winter months. What would be ihe best collector tilt? . \

.-

6. Solve the following problem concerning rules of thumb- for. collector ,orientation:
A south-facing collector is not coljecting enough winter radiation; an inspection
of the collector indicates all components are in good shape; what would beet solve the

problem?

7. Complete the following list of statements concerning components of a typical flat plate

collector.

a. Flat plate collectors typically use liquid as the

b. Flat plate collectors typically have absorber plates with
an integrated or attached array of copper tubes

,

c. Beneath the absorber plate is ao insulating Material that retards loss of the ab-
sorbed heat through the back of the

7



8. Complete the following list of statements concerning how the "greenhouse effect"
es a flat plate collector absorb heat.

a. In order to collect as much energy as possible, collectors are often covered with a
glazing material of glass or plastic which are highly transparent to incoming

b. These covers serve'as insulation over the absorber plate and keep -\
down

c. Since glass or certain plasticv are virtually opaque to the outgoing long-wave
infrared radiation, the radiation is trapped inside the and
this phenomenon is known as the "greenhouse effect"

9. Solve the following problem concerning 'the efficiency of flat plate collectors: In
planning a solar system installation, it is found that collectors with'e selective surface
absorber with glazing cost very little more than collectors with flat black absorber
plates with glazing; which type of collector should be chosen for the system, and why?

,

10. List two sensible heat storage mediums.

a.

b.

11. Select true statements concerning guidelines. for sensible heat storage by placing
an "X"r in theeppropriate blanks.

a. The capacity of sensible heat storage rpaterials is equal to the specific heat of
the material times its vorume

b. Liquid storage materials are most commonly used with liquid flat plate
collectors . .

c.' Solid storage materials are most commonly used with air flat plate coltectors

d. A Aarge -volume of solid niaterials is required to attain the same amount o
heat storage as water becaUse the specific heat is much higher for solid
materials than for water

e. With Solid storage materials:an additional allowance must be made for the
circulation of air around the materials to facilitate heat transfer; this requires
a solid-to-void ratio ,

f. A comnion solid-t&-void ratio for solid sensible heat-storage materials is 70
,percent solid to 30 percent void

.

g. Soltd systems Ifrequently use storage containers made of pre-cast concrete,
. concrete block, pressure-preserved wood or ramrqed earth, and most site-

built storage tanks have flexible liners to prevent leaks

:

JA,
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h. For liquid storage, the most appropriate storage size is 142 gellon of water
per square foot of collector

i. Rock-bed storage should be sized to provide 50 to 100 pounds of rock
per square foot of collector, and the rock size should be .75 to 1.5-inches;
these sizes insure that the interior of individual rocks can be heated and a
good heat flow maintained

j. Rock-bed storage bins can be constructed of wood or pre-cast concrete,
but they should be properly sized, insulated, waterproofed against the
intrusion of ground water, and sealed with a iealant that will hold up in the
high operating temperatures.

12. Select true statements concerning insolation variables to consider in solar system
planning by placing an "X" in the appropriate blanks.

a.* Latitudeover the course of a month, latitude has the greatest single effect

on insolation received at any location

b. Cloud cover-Alrings about the greatest day to- day variation in insolation
at any partimilar locality, and is the least predictable of any of the-variables

c. Atmospheric turbidityHaze, smoke, fog, or dust that bontributes to the
reduction in the transparency of the atmosphere and a reduction in insole-
tion

d. Altitude--Increased altitude decreases the amount of Insolation received

e. Obstructions--Nearby trees and tall buildings can block off the direct rays of
sunlight during part of the day, and even if they do nce directly block the
rays, they may interfere with diffused radiation that would otherwise be

received

f. Orientation of the land surface--It is gOod to remember that most insolation
data is for a vertical surface; planning for sloping sites requires appropriate
modifications in data, especially if the slopes are south-facing

13. Determine collector tilt for specific latitudes.

14. Determine collector orientation for specific situations.

15 . Demonstrate the ability to:

a. Construct and uses device to measure solar altitude and solar azimuth.

b. Evaluate the use of flat black paint in collecting sensible heat.

(NOTE: If these activities have not been iccomplished prior to the test, ask your
instructor when they should be completed.)
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FUNDAMENTALS OF SOLAR SYSEMS

UNIT I

ANSWER'S TO TEST

1. a. 2 e. 3 I. 6
b. 4 f. 7 j. 12
c. ° 5 9. 1 k. 11

d. 9 h. 8 I. 10

2. a. . 2
b. 3
C. 1

3. a. 2
b. 3
C. 1

4. a. The earth
b. Sun

5. 5r

6. Reorienting the collector to the southeast or southwest

7. a. Heat transfer medium ,.

b. Blackened copper
c. Collector panel

8. a. Solar radiation
b. Convective hest losses
c. Collector

9. The collectors with selective surface absorbers should be chosen because they are the
most efficient and the slight difference in cost will be justified by collector perfor-
mance

10. a. Water,
"b. Solid materials such as rock, brick, or adobe

11. b, c, e, f.

12. b, c, e

13. Evaluated td the satisfaction of the instructor

14. Evaluated to the satisfaction of the instructor

15. perfoimance skills evaluated to the satisfaction of the instructor
,

rj
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. ACTIVE SOLAR HEATING SYSTEMS
,-

UNIT II

UNIT OBJECTIVE

N

RS-41

,

After completion of this unit, the student should be able to diScuss basic solar systems used
,for domestic water heating and Space heating, and list the functions of heat pumps in active
solar heating systems. The student should also be able to solve problems concernirig solar
domestic water heating and solar space heating and be able to construct # working Model .

solar water heater. This knowledge will be evidenced by correctly performing the procedures
outlined in the assignment and job sheets and by scoring 85 percenton the unit test.

..

SPECIFIC OBJECTIVES

After completion of this unit, the student shokad be able to:

v

1. Match 'terms related to active spier heating systems with their correct definitions.
, .

2. Complete a list of statements concerning characteristics :of a thermo-syphon
domestic hot water system:

3. Circle ,the words which best complete Statements concerning characteristics
of a pumped circalatioredomestic hot water system with heat exchanger.

4. Select true statements concerning characteristics of a pumped circulation domes-
tic hot water system with freeze control.

5. Select true statements"concerning characteristics of a pumped circulation domes-4
tic hot water system with draindown.

- 6. List two arrangements for domestic hot water storage tanks.
-

7. Complete a list of statements concerning characteristics ,of dual domestic hot
water tanks.

- , i0 Circle the words which best complete statements concerning characteristics
of a single storade domestic hot water tank.

9. Select true starements concerning characteristics of a combined solar space and
domestic hot water system.

X

10. Copplete a list of statements concerning characteristics of a water collection,
water storage, air distribution space heating system.

11: Distinguish between a series configuration and a parallel configuration in water,
collection, waterustorage, water distribution space heating systems.

12. Complete a list of ways radiant panels are used in water collection, water storage,
water distribution space heating systems.

40
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, .
13. Select true tatements concerning characteristics of an air collection, solid ma-

terial- stora , air distribution space heating system.

14. omplete a list of characteristics of water collection, water -storage, heat ptimp
istribution space heating systems.

15. Distinguish between an air-to-air heat pump and a water-to-air heat pump func-
tion in a solar space heating system.

16. Select the statements concerning steps in the operation bf an air-to-air heat pump
in a solar heaVng system.

7: Select true statements conterning steps_ in the operation' df a water-to-air heat
k. pump in a solar heating system.

18. Circle the Words which best complete tatements concerning design consider4tions
for piping systems.

19. 'Select true itatements concerning design considerations for corrosiorotection.-

20.4 List four bther consitlerations for corrosion protection..

24,Sblit a problem concerning design considerations for collector cover glazirig.

22. Complete a list of statements concerning requirements for absorber plate insula-
tion.

/ 23. Solve a problem concerning high temperature prot4ction and its applications.

24. Complete a list offitatements concerning rules of thumb foot circulating pumps
and solar system c6trols. ifor

- 25. Solve problems concerning solar domestic water heating Systems.

26. So lve problems concerning-solartspace heating systems.

27. Demonstrate the ability to construct a working model solar water heater.

N.,
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ACTIVE SOLAR HEAPING SYSTEMS
UNIT II

SUGGESTED ACTIVITIES

Provide student vilith objective sheet.

l. Provide student with information, assignment, and job sheets.

III. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss information and assignment sheets..

VI. discuss and -demonstrate the procedures outlined in job sheet.

-
4I I. Send for a copy of Solar Energy Systems to use as a teaching aid; write to:

Copper Development Association, Inc.
1011 High Ridge Road
Stamford, CT 06905

(NOTE: Much of the information and many of the illustrations in this unit
were taken from this publication.)

VIII. Have a local or area architect 11)/ho has designed a solar system bring the plans to
class and discuss planning procedures, system selection; system installation, and
system maintenance.
. .

IX. Read Job Sheet #1 carefully and arrange to borrow the required chemical glass-
ware and support equip-ment from a local high school or college chemistry depart-
Ment.

X. Illave a solar dealer bring a solar collector tothe classroom, talk about its compo-
nent structure, and demonstrate its efficiency.

Xl. Invite a solar systems dealer to bring solar components such as valves) solenoids,
sensors, and dampers to class and talk about their fabrication requirements and
their functions within a solar system.

1.4

XII. Give test.

-INSTRUCTIONAL MATERIALS

I. thcluded in this unit:

A. Objective sheet

S. Information sheet

RS-43



C. Transparency masters

1. TM 1--Pressurized Thermo-Syphon DHW System

2. TM 2--Pumped DHW System with Heat Exchanger

3. TM 3--Prekirized Pumped DHW System with Freeze Control

4. TM 4--Pumped Circuration PFivi System with Draindown

5. TM 5--Dual DHW Siorage Tanks

6. TM 6--Single DHW Storage Tank

7. TM 7--Combined Solar Space Heating and DHW System

8. TM /--Waer Collection, Water Storage, Air Distribution Space Heating
System

9. TM 9--Water Collection, Water Storage, Water Distribution Space
Heating System

10. TM 10--Water Collection, Water Storage, Solar Radiant-Heating

11. TM 11--Air Collection, Solid Material Storage, Air Distribution Space
Heating System

12. TM 12--Water Collection, Water Storage, Air-to Air Heat Pump Distri-
bution Space Heating System

-
13. TM 13--Water Collection, Water Storage, Water-to-Air Heat Pump

Distribution Space Heating System

D. Assignment sheets

1. Assignment Sheet #1--Solve Problems Concerning Solar Domestic
Water Heating Systems ,

,

2. Assiipment Sheet #2.:,-Solve Problems Concerning Solar Space Heating
Systems

E. Answers to assignment sheets

F. Job Sheet #1--Construct a Working Model Solar Water Heater

G. Test

H. Answers to test

II. References:

A. Solar Energy Systems. New York, NY 10174-: Copper Development Associ-
ation, Inc., 1979.

B. Sheet Metal and Air Conditioning Contractors National Association. Funda-
mentals of Seller Heating. Washington, D.C. 20545: U.S. Department of
Energy, 1978.



-
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*

,

i

,

-

C. Solar: Energy ApplicatiOns Laboratory, Colorado 'State University. So/ar
Heating and Cooling of Residential Buildings, Sizing, Installation, and
Operation of Systems. Washington, D.C. 20545: U.S. Department of Energy,
1977.

D. So/ar Energy Project , Reader. Washington, D.C. 20545: U.S. Depariment
of Energy, 1979. .

E. Solar Energy Project ,Text. Washington; D.C., 20545: U.S. Department of
Energy, 1979.

a

F. So/ar Energy Project, Earth Science Activities. Washington, D.C. 20545: U.S.
Department of Energy, 1979.

,
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ACTIVE SOLAR HEATING SYSTEMS
UNIT ll

INFORMATION SHEET

E Terms and definitions

A, Aggressive water--Highly mineralized local water supplies that have high
levels of dissolved sulfates and chlorides and high PH values

B. DHW)Domestic hot water -r

C. Thermo-syphon--The circulatio of water between a tank and a collector
maintained by the natural convection currents that are set up when water is
heated

D. Feat exchanger--A deviae that absorbs heat and then releases it to complete
tt heat transfer process

E. TocContaining poison

F. No oxic--Free of poison

G. Lo p--A pipe configuration designed to complete a liquid flow from one
given point to another with interconnections among components in a system

H. Solenoid--A valve which mechanically or electronically starts, -stops, or
divefts flow. in a system

I. Sensor-A device which functiorm as a thermostat -to detect changes in
temperature; its on-off functions can be set for minimum low or maximum
high temperatures

J. One-way check valve--A valve which permits flow in one direction only
and prevents flow back to the source

K. Tandem --Working side by side or together

L. Auxiliary storage--A standby or backup storage facility that permits storage
of hot water that exceeds the capacity of the prime or system storage facility

M. Auxiliary heat--A standby or backup gas or electric heating system pro-
grammed to automatically maintain heating load requirements when the
solar system fails to meet the required load demands

N. Heat sink--Body which it capable of accepting, stbc-ing, and releasing heat

0. Corroslon-The eating away or wearing away of metals, especially metals in
contact with chricals

P. Dissimilar metals--Any two metals that have different properties

4
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INFORMATION SHEET

Q. Electrolysis--An electro-chemical reaction that causes deterioration when
_

two dissimilar metals come in contact

R. DielectricAn electric insulator used to control electrolysis at points where
dissimilar metals meet .

.
..

S. Closed system--A solar system into which no air penetrates Or from which no
air can be expelled '

T. Open system--A solar system into which air can penetrate or fain which
air can be expelled for draindown or to create a syphon effect

N

1 U. PH--A symbol for the degree of acjdity or alkalinity of a solution; PH is
measured on a scale of 0, indicating highest acidity, to 14, indicating highest
alkalinity

V. Outgassing--The tendency of certain insulating materials to release elements
of their original composition, especially when exposed to high temperatures

W. DamperA mechanical device, sometimes electronically activated, to stop or
moderate flow within a system

,

II. Characteristics of a thermo-syphon DHW system (Transparency 1)

A. Most basic of solar water heating systems

B. Circulation of water between tank and collector is maintained by natural
convection currents set up when water is heated

,.

C. Requires no heat exchanger

(NOTE: Because there is no heat exchanger, the same water that circulates
,through the collector will later appear at the hot water tap.)

D. When the water in the solar collector becomes hotter than the water in
the storage tank, it rises to the tank as the colder tank water drops into the
cotlettor -Supply line

E. When no water is being run at a tap, circulation will continue until tank and
collector temperature are equalized ,

F. Rate of flow cannot be controlled

G. Difficult to provide freeze protection, and system is therefore most appro-
priate for regions that do not reach freezing temperatures

Ill. Characteristics of a pumped circulation DHW system with heat exchanger (Trans-
parency 2) I

A. Collector water is pumped through a closed pipe loop incorporating a heat
exchanger which is immersed in a storage tank
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INFORMATION SHEET

B. The closed collector pipe loop must have an expansion tank and a separate
'pressure relief valve in addition to the valve on the tank

C. Because collected heat must be transferred through a heat exchanger, the
collection fluid must be hotter; this makes the system somewhat less effi-
cient than one in which domestic water circulates directly through the
collector .

D. A check valve in the collector return prevents migration of heat from tank to
collector by thermo-syphon action on cold nights

E. Because collector water and domestic water clo not intermingle, an antifreeze
Solution can be added to the collector water for low-temperature protection

(NOTE: Check applicable codes for the use of nontoxic and toxic antlfreeze
solutions; single-wall heat exchangers may be required with nontoxic anti-
freeze, and double-wall heat exchangers may be required with toxic
antifreeze ti) provide a double torrier between the toxic antifreeze and

. potable water.)

IV. Characteristics Of a pumped circulation DHW system with freeze control (Trans-
parency 3)

A. System employs a pump but does not use a heat exchanger

B. Collector circuit is ,not sealed off from stored water, and antifreeze cannot
be used

C. Freeze protection is provided by pumping water through -the system with
,a rate of flow high enough to prevent freezing

r

D. A three-way solenoid valve is the key control element in a pumped circula-
tion system

E. During,normal operation, the solenoid valve allows water to circulate freely
between tank arid collector

F. During normal operation, no cold water is admitted to the system unless a
hot water tap is opened in the building, in which case makeup water enters
from the supply source

G. in freezing temperatures, the solenoid valve automatically cuts off the
storage tank and diverts water from the collector into a dry well or sump,
setting up a constant flow of wafer from the source throught the collectqr
circuit and int6 the sump

V. Characteristics' of a pumped circulation DHW system with draindowre (Trans-
parency 4)

A. System incorporates a circulating pump for collector water, but does
not employ a heat exchanger

4 4
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B. System employs a temperature sensor affixed to the bottom of the absorber
plate

C. When 'the sensor, detects a drop lo about 40.F, it initiates closing of the
motorized valve in the collectorsupply

D. When the motorized valve reaches a fully closed position, it trips an end
switch which in turn trips the solenoids of both the dump valve and the air
intake valve

E. Water then drains freely from the collector circuit and out of the system

(NOTE: This drain off is usually no more than two or three gallons, but it
does protect all piping exposed to freezing temperatures.)
,

F. Pressurized source water is prevented from flowing to the collector by means
of a motorized valve in the supply line and a one-way check valve in the
return line

G. When absorber plate temperature rises to a preset difference above storage,
the motorized valve begins to open, the circulating Pump restarts, and the
dump valve and inlet valve close

H. As the collector circuit refills, trapped air is,relieved through the automatic
vent and normal circulation of collector water is resumed

..

VI. Arrangements for DHW storage tanks

A. Dual solar and conventional tanks

B. Single storage tanks

C. Combined solar space and DHW heating systems

Vi I. Characteristics of dual DHW tanks (Transparency 5)

A. A larger tank is connected to the collector loop and stores hot water from
the collector

-

B. In tandum with the larger tank is a conventional water heater with a fossil-
fuel burner or an electric heating element 1

C. The outlet pipe of the solar storage tank is connected to the cold or inlet line
of the conventional heater

D. Any, demand for hot water causes the source water pressure to force water
through the solar storage tank, through the conventional tank, and out to a
hot water tap li

.\\ &Jr
E. When the solar-heated water is warm enough, it will move through t,he

conventional tank without affecting the thermostat in the conventional tank
and without requiring additional heat

4 0
. 4 ',.)
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F. Should the- conventional tank water drop below a preset temperature,
it- will cause the thermostat in the conventional tank to trip and energize
the conventional water heater burner or electrode

G. his configuration allows only the relatively cold water to circulate through
he colleciir, and this permits the collector to function at a higher efficiency

VIII. Characteristics of a single storage DHW tank (Transparency 6)

A. Can provide both solar and auxiliary storage in the same tank

B. When this system is used, a large tank should be selected

C. The thermostat of the auxiliary fuel input should be set to maintain a tank
temperature of about 110-120°F

. D. Because the lowest temperature of water that can be circulated back through
the collector is 110°F, collector efficiency is lowered

IX. Characteristics of a combined solar space and DHW system (Transparency 7)

A. Water is heated and stored in a solar storage tank

..

B. Makeup water for hot water supply passes through a heat exchanger in the
solar storage fank .

C. If the solar storage tank temperature is high enough, cold domestic makeup
water passing through win pick up sufficient heat to avoid drawing energy
from the domestic water heater

-

D. When the temperature of the domestic water tank drops below the storage
tank temperature, the domestic water is pumped through the heat ex-
changer, transferring w atever heat is available

,

E. When required, an ajMliary heat supply may be programmed to supplement
DHW requiremen

(NOTE: There are many variationsjof combination space and water heating
systems; sometimes the heat exchanger is placed in the DHW storage tank,
and it is also possible to combine a space heating system with a two-tank4
DHW system.)

-

X. Characteristics of a water collection, water storage, air distribution space heating
system (Transparency 8)

A. These systems haVe wide acceptance because they are simple to
operate and control

B. The circulating pump in the collector loop operates whenever collector
temperature is higher than the temperature of the storage tank water by a
preset amount
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C. When the pump stops, water in the collectors and pipe lines drains into the
storage tank

(3. To permit 4he automatic draining process, the return pipe must be coupled
to the tank in such a fashion that the end of the pipe is kept above the level
of the stored water or the pipe must be vented by some other means

E. When the building thermostat calls for heat, a pump circulatei stored water
through the heat exchanger coil in the return air duct upstream of the
fOrnace

F. As water is being circulated through the heat exchanger, the furnace fan
begins to draw air through the heat exchanger coil and forces the warmed air
into the building

G. As long as the coil continues to maintain supply air temperature high
enough, the furnace heating element remains off, but when solar supplied
heat falls short of preset temperature settings, the furnace comes on to
furnish supplementary heat

(NOTE: The placement of thermostats or two-stage thermostats provides
several variations, in the system described above, and some of these will be
discussed in a following objective.)

Xl. Differences between a series configuration and a parallel configuration in water
collection,'water storage, water distribution space heating systems

A! These systems are highly suited for fin tube and radiant panel installations

B. One configuration for this system is that heat can be supplied by either the
solar system or the auxiliary boiler working in series

C. Another- configuration for this system is that heat can be supplied by both
the solar system and the auxiliary boiler working in parallel

D. In a series configuration, when the solar storage tank is hot enough to supply
the heating load, water is pumped from the storage tank through the finned
tubes and bypasses the boiler (Transparency 9)

E. In a series configuration, if the storage tank is not hot enough to upply the
heating load completely, water is pumped through the boiler and then into
the finned tubes, bypassing the storage tank

(NOTE: It is not ath)isable to pump water from the stprbge tank, through
bile boiler, and then through the ,finned tubes; this v6ld actually use more
auxiliary energy and defeat the purposes of the sole component.)

F. In a parallel configuration, if the heating requirement can be supplied
by the water from the solar tank, the auxiliar9 boiler does not operate
(Transparency 9)
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G. In a parallel cOnfiguration, when more heat is required than the solar system
can supply alone, the boiler kicks.in to supplement the solar heat

H. The parallel configuration permits lower temperature water in the solar
system to be used to supply a portion of the heating load and actually
contributes to higher collector efficiency and 'more usable solar energy1

XII. Ways, radiant panels are used in water collection, water storae, Water distribution
jspace heating systems (Transparency 10)

A. Radiant panel heatjng systems employ copper tubes embedded in concrete
floor slabs and in wall and ceiling construction .

B. Floor installations are the most common with copper coils embedded in
concrete with one inch or more of concrete above the tubes and never
less than an inch of concrete below the tubes

(NOTE: For slab or, grade construction, insulation is imperative beneath
the slab; it is also important to insure that ground water will not carry away
heat.)

C. Ceiling and wall panels are usually embedded in ptester

D. Wall panel installations require heavy insulation to reduce heat loss to the
ouside

(NOTE:_ Centering coils 'between rooms or floors is not recommended
because it usually results in poor heat transfer and lack of room temperature
control.)

X111. Characteristics of an air collection, solid material storage, air distribution space
.hesting system (Transparency 11)

A. When heat is available for collection, but there is no heat demand in the
house, the collector circulation fan begins to draw air down through the
storage container

B. Motor operated damper number 3 is open whenever the collector fan is
opting and closed at all other times

C. The top portion of the storage container contents will heat first, and the-
heat will extend downward as more energy is collected

(NOTE: Motor operated damper number 4 is-normally open.)

D. When no heat is being collected, but is called for in phe building, the centrif-
ugal fan in the auxiliary heating system begins ciperaticin and signals dampars
1 and 2 to open

(NOTE: These 'dampers are closed unless the centrifugal fan is working.)
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E. Return air is drawn upward through the storage container, exits at maximum
temperature, and is circulated through the building

F. When the heating load cannot be supplied by the solar system, the auxiliary
heating system comes on

G. When there is a, simultaneous collection of energy and demand for heat
by the building, motor o rated damper 4 is closed

(NOTE: Damper 4 is op n unless both collection and distribution fans are
opsrating simultaneously.) I

H. Air is circulated directly from the collector to the building

(NOTE: Air-rock systems do have limitations that require Special design
considerations; these will be covered in a later objective.)

XIV. Characteristics of water collection, water storage, heat pump distribution space
heating systems

-
A. The electrically driven heat pump enhances the flexibility and efficiency

of solar systems .

B. A heat pump has the capability of extracting heat from a cooler source
and increasing it to a higher temperature, thereby increasing the thermal
gradient

C. A heat pump ean extract useful heat from the solar storage system even
when the temperature has fallen below room temperature

XV. Differences between an air-tOair heat pump and a water-to-air heat pump func-
tion in a solar space heating system

A. In an air-toair heat punip, when heating is required, the heat pump extracts
heat from one air source (usually the outside air), increases its temperature,
and warms the room air (Transparency 12)

B.

,
In a water-to-air heat pump, when heating is required, the heat pump ex-
tracts heat from the storage water, increases its temperature, and warms the
room air (Transparency 13)

XVI. Steps in the operation of an air-to-air heat purp in a solar heating system (Trans-
.

parency 12) \
A. All solar heating is done directly from st rage Without the aid of the heat

pump, but the heat pump fan is used to circulate room air over the heat
exchange coil .

B. If heat available from solar storage is insufficient, the heat pump begins to
operate, supplying additional heat to the air

0r2
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C. Although this does not permit stored solar, energy to be us the space
temper ture, it greatly reduces operational time of the at pum and saves
muc ectricity that would otherwise be used to ope ate the heat pump
COM Or

(NOTE: There are other configuotions in using a heat pump with a solar
system; some permit the heat pump to extract heat from water or solid
storage at temperatures below the room temperature, but these systems
are complex and require many automatic controls.)

XVII. Steps in the operation of a water-to-air heat pump in a solar heating system
(Transparendy 13)

A. When the solar storage tank temperature is over a preset point (usualfy
90°F), storage is used directly for space heating with the,heat pump fan
circulating the room air over the solar water coil

B. When the storage tank temperature falls pelow the temperature needed
for heating, the control vaNe changes position and circulates the storage
water into the heat pump

C. When the water flow to the heat pump has been proven by a flow switch,
the heat pump compressor begins to operate, extracting heat from the
water and increasing its temperature; it is then used. for warming room
air

D. This procedure continues until the heating load has been satisfied or storage
tank temperature drops to the lower operating limits of the heat pump
(usually about 60'F

E. Sometimes, other water supplies of appropriate temperature can be used
when usable heat in the solar storage tank has been exhausted

F. An auxiliary heat supply is usually required with a water-to-air heat pump
solar system

XVIII. Design considerations for piping systems

A. Corrosion is the biggest 6nemy of piping systems and other solar components

B. It is imperative, from a corrosion.standpoint\ that the fluid passages in the
absorber plate be compatible with the materials used for piping, storage
tank, pump, and valve bodies

C. All piping should be pitched from the high point of the system to insure
complete drainage when necessary

D. In systems with drainage as freeze protection, the piping should be pitched
at a minimum of 1/8 Inch per 1 foot of run to insure that fluid will drain
completely

RS-5
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E. Statt up of all liquid-carrying'systems should include a flushing operation to
remove dirt and debris accumulated during fabrication and installation

(NOTE: Follow rnaillufacturer's recommehdations carefully when flushing
systems which use%a heat tranifer fluid other than water.)

XIX. Design considerations for corrosion protection

A. Corrosion protection has three major concerns in me(al collector systems:

1. Corrosion between dissimilar metals

2. Use of corrosive liquids

3. Presence of air in the system

B. When dissimilar metals are used in the presence of moistute, corrosion
can occur; this is true even of copper when used with another metal

Example: If owper tubes are used to ccinnect aluminum collectors, the
colleciors soon develop pits in the aluminum fluid tubes and
leaks develop

C. In a solar system with a -circulating fluid, it is not sufficient simply to use
dielectric fittings to separate dissimilar metals a rol electrolysis

Example: Copper ions can be carried by the fluid and de
metal and cause pitting

sited on other

D. Although, it is difficult to exclude bronze valves and pump impellers from
collector systems, as a general rule,'it is best not to %ix metals

r 4
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XX. Other conaiderations for corrosion Atection

AirA. Check the local water supply for PH level (Figure 1)/

(NOTE: Some areas have "aggressive" vters whi0 are highly mineralized,
have a high level 6f dissolved sulfates &d chlorides, have PH values above
7.3, high carbon dioxide content, and the presence of dissolved oxygen gas.)
FIGURE 1

HIGHEST
ACIDITY

CONCENTRATE E TCH NEUTRAL
IIIGHEST

ALKALINITY

1

0 1 1 3 4 5 6 7

e

8 9 10 11 12 13 11

: ,

HYDRDCHLIMIC ACETIC BORIC DISTILLED BAKING a
ACID ACID ACIO WATER SQDA

(Courtesy A. B. Dick)

AMMONIA LYE

B. A trouble free history of copper plumbing in the locality can usually be
taken as evidence ihat the-water is hot aggressive to copper, but it may be
aggressive to other metals

C. When there is, a question concerning the presence of aggressive water, the
water should \be chemically analyzed, and ai treat'Tent engineer ,should
be consulted to prescribe ways to Make and keep the water nonaggressive

D. When eigifreeze Of sPeclal NO transfer fluiets ire added to the*
4

water,
it increMs the potential for corrosion

E. Anti-freezes which are propylene glA ycol (nontoxic) .or lethylene glycol
(toxic) based are the two major types of anti-freeze used with water in solar
collectors

F. Pcopylene glycol,_ is claimed to be nontoxic and should be used in DHW
systems unless a double walled heat exchanger is employed

G. A'nti-freeze solutioks usually require the addi4n Of corrosion inhibitorpand
buffers for PH, and all anti-freeze solutions should be monitored arid replen-
ished as required

XXI. Design considerations for collector cover glazing (Figure 2)

A. When using glass cover plates, tempered glass with ground edges should be
specified land recommendations for maximum permissatde 'spans should be

- carefully lollowed
I
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B. "When two glass plates are hermetically sealed, thex must have the same
physical characteristics

Example: A 3/32:inch-thick glass inner plate should not be used with a 3/18-
i n -thick tempered cover plate; this would exert substantial! inte I pressure on the glazing v

\ C. Thin sheets of plastic film can be used for cover plates in certain applications
and offer the advantage of light weight, low cOst, and increased fracture
resistance

D. Plastic selected should hava proven long-term resistance to ultraviolettadia-
tion breakdown

E. Additional cover layers reduce.heat loss, but there is a point where addi-'
tional glazing actually.diminishes collector efficiency

FIGURE 2

MATEVIAL
THICKNEIS

(INCHES7

ENERGY MAXIMUM
MISSION OPERATING

(%) TEMP (OF)

Clear Lime . 1 8 85 0
Float Glass 116 81 Q

1 4 78 0

Water White '1 8 91 0
Cr;stal (Low Iron) 3 16 90 5
G4ss . 1 4 90 0

lila lic

olerle Cast

Sheet

1 8

116
1 4

89 0
87 0

. 85 0

40C

400

190

Polycarbonate

V
"ledlar Film

1 8

3 16

4

81 0
78 0

74 0
270

0 004 93 5 227

Non 388 0 060 82 0
(Flat) 548 0 030 86 0

608 0 080 77 0
220

Teflon Film of .0 002 97 0 400

Mylar Film 0 001 bs 0 220

Kalwall Sunlight Regular 0 025 93 0 140
Kalwall Sunlight Premium 0 040 86 0 140

Lexan Film 0 005 94 0 270

0 007 93 0

Courtesy Copper Development. Association Inc.
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XXII. Requirements for absorber plate insulation

A. Since absorber plates frequently reach' temperatures of more than 200°F,
they must be insulated to maximize energy collection from the plate

B. The back of the collector is typically insulated with a 3 to 4-inch thick
fiberglass blan t

C. Most foamed urethan insulation currently available undergoes volumetric
expansion;at temperatu s over 250°F arV should be used with care, if at all

D. Other insolations have problems with the outgassing of volatile elements
which can lead to corrosion and otf)er collector problems

E. Insulation selected should be evaluated according to application negds
(Figure 3)

INSULATION

FIGURE 3 FIBERGLASS URETHANE EXTRUDED

Heat Loss

.

Good Excellent

,

Excellent

Moisture
Resistance, Fair

_ .

Excellent Excellent

Volatile k

OutirssiFQ Excellent
,

Poor Fair

temperature
Resistance

Excellent Fair Poor

Desirability tlecommended
,

Not Recommended* Not Recommended'

*Not recommended for high temperature application
COurtesy Copper Development Association Inc.

XXIII', High temperature protection and its'applications

A. Should fluid circulating through an absorber plate stop while the sun is
shining, the solar collector can reach temperatures high enough to damage it;
this condition is known as stagnation

9

(NOTE: To avoid collector damage, the collector frame, piping connections,
and insulation must be able to withstand high temperatures.)

B. When cooler fluid is pumped into a collector in a condition of stagnation,
the resulting therm-al shock can cause the collector to buckle and the glazing
to break

C. High temperature protection serves to solve problems of stagnation and
thermal shock in several ways:

1. One method uses a temperature sensor on the back of the collector
plate to actuate a cutout relay in the power supply to the circulating
pump; when the collector plate reaches a preselected temperature,
power to the pump is cut off preventing circulation of the collector
fluid

RS-59
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2. Another methods employs a timing de/ice that prevents automatic
restarting of the pump in the event of a power failure lasting more than
a minute or two

3. Still another method employs a temperature sensor to prevent pump
operation when a preset temperature differential exists between the
collector plate and the circulating fluid

,(NOTE: This is an expensive method and is seldom used in residential'
applications.)

XXIV. Rules of thumb for circulatidg pumps and solar system controls

A. Pumpstordinarily selected for residential and small solar applications should
be centrifugal types with mechanical shaft seals or totally sealed units

B. Pumps may be close-coupled, in-line, or base-mounted

C. Pump should have a proper,combination of flow rate and lift characteristics
for the application

(NOTE: Typically, a pump should provide a fiow rate of one to three
gallons of water per hour, per square foot of collector surface.)

D. In open systems, pumps must have sufficient hfting capacity to raise water
from the storage tank to the top of the coHector

(NOTE: In closed systems which have high lifting requirements and low
flow quantititestwo small pumps connected in series may be a better
alternative to overcome friction losses through the piping,)

E. In most small solar systems, the pumps will not exceed 1/4 to 1/3 horse-
power and may be as small as 1/6 to 1/20 horsepower in closed systems

F. When centrifugal pumps are used, it is essential that they operate with a net
positive suction head

(NOTE: This can be accomplished by connecting the pump through the
storage tank wall below the water level in the tank; this means there will
always be a positive head of water in the tank above the pump.)

G. The circulating pump in the collector loop is normally started or stopped by
means of a differential temperature control which actuates the collector
pump when the collector temperature is higher than the tank water tempera-
ture, and shuts the collector pump off when the collector water temperature
approaches the tank temperature

tt- c.1
c:,
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Pressurized Thermo-Syphon DHW System
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Pumped DHW System with Heat Exchanger
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Pressurized Pumped DHW System with Freeze Control
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Pumped Circulation DHW System with Draindow
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Dual DHW Storage Tanks -
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Combined Solar Space Heating and DHW System
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Water Collection, Water Storage,
Air Distribution Space Heating System
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Water Collection, Water Storage,
Water Distribution Space Heating System
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Water Collection, Water\ Storage, Solar Radiant Heating
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Air Collection, Solid Material Storage,
Air Distribution Space Heating System

4.0

RETURN AIR
FROM COLLECTOR

AIR COLLECTOR f----'a--r '

(Air
161 ILJy

SUPPLY AIR
TO COLLECTOR

CENTRIFUGAL
FAN

3.
FILTER

10: J.

MOTOR OPERATED
DAMPERS

AIR

-+
PLENUM 4 ..
-

SUPPLY AIR
TO HOUSE

/04I

4.40
Oa f* °a

STORAGE
CONTAINER

0

00
0 00

*;

MOTOR OPERATED
DAMPERS

AIR PLENUM

CONVENTIONAL
FURNACE

7'_
RETURN AIR
FROM HOUSE

Courtesy Copper Development Association Inc.



Water Collection, Water Storage, Ait-to-Air
Heat Pump Distribution Space HeatinOystem

COLLECTOR ARRAY

OUTDOOR HEAT
PUMP

r, SUPPLY AIR
AI TO HOUSE

I

I _

SOLAR HEAT
EXCHANGE COIL

SATE
VALVE

ATE

VALVE
STRAINER OTE

VALVE



Water Collec\tion, Water Storage, Watir-to-Air

Heat Pump Distribution Space Heating System
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ACTIVE SOLAR HEATiNG SYSTEMS
UNIT II

ASSIGNMENT SHEET #1--SOLVE PROBLEMS CONCERNING
. SOLAR DOMESTIC WATER HEATING SYSTEMS

A. What would be the least expensive solar domestic water' heatingtsystem in a situation
where hot water demands are medium, as opposed to high, and in a region where
temperatures do riot freezing point?,

,

Answer

B. 'What can be added to collector water to provide -ternperature protection in a solar
domestic hot' water heating system employing pytmpecL circulation with ,A heat ex-
changer?

Answer
, 1

C. In a solar domestic hot wateieTheating system that- employs pumped circulation with
freeze control, antifreeze cannot be used; how is freeze protection provided?

Answer
-

D. Single storage solar domestic hot water tanks.are practical because they provide both
solar and auxiliary storage in the same tankbut what precaution should be taken when
planning such a system?

Answer

E. Certain configurations of dual solar domestic hot water tanks allow only relalively cold
water to -circulate through the collectoe; does this afford higher or lower collector
efficiency?

Answer

ge



*4.
ACTIVE S LAR HEATING SYSTEMS

UNIT II

ASSIGNMENT SHEET 2--SOLVE PROBLEMS CONCERNING
SOLAR SPACE HEATING SYSTEMS

A. Of the several available solar space heating system designs, which system has found
wide acceptance because it is simple to operate and control?

Answer

B. A heat pump has the capability of extracting heat from a cooler source and increas-
ing it to a higher temperature; how does this capability affect a water collection,
water storage, heat pump distribution space heating system?

Answer

C, Where are radiant panels most frequently installed when they are used in a water
cofIection,mater sitorage, water distribution space heating system?

Answer

D. What happens in an air collection, solid material storage, air distribution space heating
system when the heating IOW demands cannot be met by the solar system?

Answer

do,
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, ACTIVE SOLAR HEATING SYSTEMS
UNIT II

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A. A thermo-syphon system

B. Antifreeze

C. By pumping water through the ,system with a rate of flow high enough to plrevent
freezing

D. A large tank shduld be selected

E. Higher efficiency

Assignment Sheet #2

A. A water collection, water storage, air distribution system

-

B. The heat Whir can extract pseful heat from the solar storage system even when
the temperature has fallen beloW room temperature .

'

C. Slab fioors.
4

D. The auxiliary heating system comes on

,

,s
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ACTIVE 'SOLAR HEATING SYSTEMS
UNIT ll

JOB SHEET #1--CONSTRUCT A WORKING MODEL SOLAR WATER HEATER

I. Tools and materials

A. 1 shallow cardboard box

B. 1 sheet of glass large enough to cover the box

C. 20 feet of black rubbeNirbing

D. .1 ring stand

E. 1 large clamp

F. 1 condensation column

G. 1 pinch-cock

H. 1 Celsius thermometer

I. 1 50 milliliter (ml) beaker

J. 1 cork stopper

K. 1 funnel

L. 1 can of flat black paint and a paintbrush

M. Paint thinner and a clean cloth

(NONE: "the ring stand, clami:), condensation column, pinch-cock, beaker,
stopper, and funnel should be available in the chemistry department at your
local high school.)

II. Procedure

A. Ademble the apparatus for your solar water heater according to"the diagram
Figura 1

RS-93
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JOB SHEET #1

B. Fill the entire unit with water (Figure 1)
lb
(NOTE: Be sure the tubing, combination condensation column, and storage
tank are completely filled.)

FIGURE 1

SUNNY WINDOW

SOLAR
COLLEC TOR

z

H II TAP\
THERMOMETER,

FUNNEL

WATER

glieftmemimomp.

GLASS PLATE
CONDENSATION
II COLUMN
STORAGE TANK

44 SHALLOW CARDBOARD BOX

BLACK RUBBER
TUJIING

Courtesy U.S. Department of Energy
SOLAR WATER HEATER

C. Drain off 50 ml of water from the tap and record the temperature on the
data chart that accompanies this job sheet

D. Pour the water back into the funnel

E. Place, your cardboard box sotar collector in the sun and'recold the tempera-
t re of the water each minute for a period of 20 Minutes

OTE: This meani you will have to draw a water sample from the system
each check, but be sure to pour 'each sample back Into the system.)

rd your data on the data chart

G. Drain the entire system

H. Paint the cardboard box black and allow it to dry,

0-

,-

-
Clean the paintbrush while you are waiting for the paint to dry

Rereat *steps B through F with the black cardboatti box solar collectoi
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JOB SHEET #1

DATA CHART

uriAINT6 BOX: INITIAL WATER TEMPERATURE
2

MINUTE # TEMP. READING

11

12

13

14

15

16

1.7

18

19

20

4

PAINTED BOX: INITIAL WATER TEMPERATURE

MINUTE # TEMP. READING MINUTEJ TEMP. READING

1 11 ,.

2 12,
4

5 15

16

7 17

8 i8

9 19

10 20

11, DO
^
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JOB SHEET #1

K. Record Nefur data on the data chart

L. Drain the entire system

M. Return tools and materials to peoper storage area

N. Answer the following questions:

1. Why should a black rubber tube be used in this activity?

2. How did painting the collector box black affect the temperature of the water?

I

3. What part of the system woulsl be the same as the cold witer 'Supply pipe in
your honie hot water unit?

4. The apparatus you've been working with has been termed "a solar water heater";
could italso be called a solar system?

5. EXOlain your answer to question 4.

6. List at least ,two things you could do to improve the efficiency ,of the solar
'collector you've been woriging vyjth.

'

o ,



TIVE SOLAR HEATING SYSTEMS
UNIT II

NAME

TEST

1. Match the terms on the right w th their correct definitions.

a. Highly mineralized local water supplies
that have high levels of dissolved sulfates
and dhlorides and high P values

b. Dontestic hot water

c. The circulation of water etween a tank
and a collector maintained by the natural
convection currents that ar set up whet
water is heated

d. A device that absorbs heat and the releases it
to cdmplete the heat transfer proce

e. Containing poison

f. Free of poison

\ .

g. A pipe configuration designed to complete
a liquid flow from one given point to another
with interconnections among components in a
system

h. A valve which mechanically or electronically
star*, stops, or diverts flow in a system.

i. A device which functions as a thermostat
to detect changes in temperature; its on-off
functions can be set for mitiimum low or
maximum high temperetures

A valve which permits flow in one direction
only and prevents flow back to the source

k. Working side by side or together

I. A standby or backup storage facility that
permits storage of hot water that exceeds
the capacity of the prime or system storage
facility-

m. A standby or backup gas or electric heating
system programmed ta automatically .inain-
tain heating load requirements when the solar
system fails to meet the required load de-
mands

I.

1.

2. Corrosion

3. PH

4. Nontoxic

5. Tandem

6. Aggressive water

7. Heat exchanger

8. Damper

_ 9. Open system

10. DHW

11. Toxic

12. One-way check
valve

13. Sensor

Auxiliary heat

at,
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n. Body which is capable of accepting, storing,
and releasing heat

o. The eating away or wearing away of metals,
especially metals in contact with chemicals

P.

q. An electro-chemical reaction that causes
deterioration when two dissimilar metals
come in contact

r. An electric insulator used to control electrol-
ysis at', points where dissimilar metals meet

Any two metals that have different properties

s. A solar system into which no air penetrates
or from which no air can be expelled

k

t. A solar *stem into which air can penetrate
o; from which air cip be expelled for drain-
dOwn or to create a ahon effect

u. A symliol for the degree of acidity or alkalini-
ty of a solution; PH is measured ona scale of
0, indicating highest acidity, to 14, indicating
highest alkalinity

v. The tendency of certain insulating materials
to release elements of their otiginal cc:imposi-
tion, especially when exposed to high tempera-
tures

14. Outgassing

15. Thermo-syphon

16. Loop

17. ClOsed syphon

18. Solenoid

19. Electrolysis

20. Auxiliary
storage

21. Heat sink.

22: Dielectric ,

23. Dissimilar
metals

1*

.141111."°.
I

w. A mechanical device, sometimes electronically 4

, activatedto stop or moderate flow within , aalystem ,
2.%1/4Complete the following list of Statements concerning characteristics 'of a thermo- .

syphon DHW system.

a) Most basic of ) heating systems
\ ti

A .

b. Circulation of water between tadk and collector is'maintained by natural convec-
tion currents set up when water is heated

c. Requires no

d. When the water in the solar collecfor becomes hotter than the water in the storage
tank, it rises to the tank as the colder tank water drops into the,collector supply
line

e. , When no water is being run at a tap; circulation will continue urftil tank and
I collector temperature are

f. Rate of flow

g.

be controlled

Difficult to provide freeze protection, and syttem is therefore most appropriate
for regions that do not reach freeiinwtemperatures. ,.

93 L-
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3. Circle the words which best complete the fojlowing statements concerning characteris-
tics of a pumped circulation domestic hot water system with heat exchanger.

a. (Dornestic, Collector) water is pumped through, a closed pipe loop incorporating a
heat exchanger which is immersed,in a storage tank

b. The closed collector pipe loop must have a/an (expansio% storage) a/1k and,
a separate pressure relief valve in addition to the valve on,the tank

c. Because collected heat must be transferred through a heat exchanger, the collec-
tion fluid muv be (hotter, cooler); this makes the system somewhat less efficient
than one in which domestic water circulates directly through the collector

d. A (relief, check) valve in the collector return pr:evenis migration of heat from tank
to collector by thermo-syphon action on cold nights

e. Because collector water and domestic water do not intermingle, an antifreeze
solution can be added to the (domestic, collectorJ water for low-temperature
protection

4. Select uue statements concerning characteristics of a pumped circulation domestic
' hot water system with freeze control by placing an "X" in the appropriate blanks.

a. System employs a heat exchanger but does not use a heat pump

b. Collector circuit is not sealed off from stored water, and antifreeze cannot
be used ,--,

c. Freeze protection is pyovided by pumping water through the system with
a rate of flow high enough to 1event freezing ,

d. A two-way solenoi:valve is the key control element in a pumped circulation
system

e. During normal operation, the solenoid valve allows water to *Nate freely
between tank and collector

,0 ,
4

f. During normal operation, cold water is admitted to the system unless a
hot water tap is opened in the building, in which case makeup water enters
from the supply source

9. In freezing temperatures, the aolenoid valle kutomatically opens in the
storage tank and diverts water Irom ttie collect& into.a dry well or wimp,
setting up a constant flow of water from the source through the collector
circuit and into the sump

S.' Select true statements concerning characteristics of a pumped circulation domestic
hot water system with draindown by placin9an "X" in the appropriate blanks.

a. System incorporates a circulating pump for collector water, but does not
employ a heat exchanger

,.
. b. System employs 1 temperature senior affixed to the bottom of the.circulat-

, ing pump

. ...
44
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c. When the sensor detects a drop to about 40F, it initiates cl ing of the
motorized valve in the collector supply

d. When the motorized velve reaches a fully closed position, it tri s an and
switch which in turn trips the solenoids of only the duthp valve a d not the
air intake valve

e. Water then drains freely from' the collector circuit and out of th system

f. Pressurized source water is prevented from flowing to the coll tor by
means of a motorized valve in the supply line and a one-way che k valve
in the return line

g When the absorber plate temperature rises to a preset difference\ above
storage, the motorized valve begins to open, the circulating pump restarts,
and the dump valve and inlet valve open ,

h.. As the collector circuit refills, trapped air is relieved through the autOmatic
vent and normal circulation of collector water is resumed

6. List two arrangements for domestictot water storage tanks.

,

7. Complete the following list of statements concerning characteristics of dual dome'etic
hot water tanks. . s

a. A larger tank is connected to the collector loop and stores hotmater from 4e

<;,
b. In tandem with the larger tank it a conventional water heater with a fossilzfu I

burner or an

c. Tbe of the solar storage tank i
connecthd-to the cold or inlet line of the conventional heater ,

d. Any demand fdr hot water causes the source water pressure to forCe water \
through the solar storage tank, through the conventional tank, and out to a
hot water tap

e. When the water is warm enough, it will
move through the conventional tank without affecting-the thermostat in the
conventional tank and without requiring additional heat

f. Should the conventional tank water drop below a preset temperature, it will
cause the thermostat in the conventional tank to trip and energize the conven-
tional water heater burner or

g. This configuration illows only the relatively cold water to circulate through the
collector, and,ihis permits the collector to function at

I4 J
\ -
;

1- .0
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8. Circle the words which best complete the following statements concerning characteris-
tics'of a single storage domestic hot water tank.

7,4 a. -i2CaniXannot) provide bothrsolar end auxilkiry stcfrage in the same tank
, ,

b. When this system is used, a (small, large) tpnk should be_selected/. The thermostat ,of the auxiliary fuel input should be set to maintain a tank
temperature of about (1100-110'F, 110-120 F)

1

d. Because the lowest temperature of water that can be circulated back 'through
Ar the collector is 110*P, colle&ortfficieney is (iriereased, lowered)

11 Select true statements concerning characteristics of a combined solar, space and domes-
tic-hot water sifstem by plaCing an "X" in the appropriate blanks.

a. Water is heated and stored in a solar storage tank

b. Makeup 4ater for hbt water supply plses through a heat exchanger in
the solar storage tank

c. If the solar storage tank tererature is high enough, cold datriestic makeup
water passing ttirough, will pick up sufflicient heat to_avoid drawing apergy

om the domettic water heater
,

d. When the temperature of the domestic water tank goes above the siorage
ank temperature, the domestic water is pumped through the heat exchanger,

transferring whatever heat is available

e. An auxiliary heat supply Icannot be programmed to supplement DHW
1requirements

16. Completeithe:tiollowing list of statements cd,ncerning characteristics.of a water collec-
tion, water stoTage, air distribution space heating system.

a. These systems haw found wide acceptance because they are

b. The circulating pump in the collector loop operates whenever collector tempera-
ture is than tije temperature of the storage tank water by a
preset amount - . VO 7.G.,q -31 P

c. Wherierthe pump stops, water 'in the collectors and pipe lines drains into the

d. To permit the automatic draining process, the returii pipe must be cou led
..,

to the tank in such a fashion that the end of the pipe is kept
1 iif' the stored v4ater or the Oipe mint be vented so e

other means
---43--'r .

e. 'When the building thermostat calls for heat, a pump circulates stored water
through the beat exchint ger coil in the return air duct,upstream of the _
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f. As wafer is being circulated through the heatoexchanger, the furnace fan begins to 'drew air through the heat exchanger coil and forces the warmed air into the
building

As lang as the coil continues to nigptain supply air tethperature high enough, the
furnace heating element remains off, but when
falls short at preset temperature settings, the furnace comes on to furnish sup-plementary heat

.1`1. Distinguith between a series configuration and a parallel configuration in water collec-
tion, water storage, water distributiop space heating systems by placing an "X" next to
the descriptions of a series configuration.

,/ a. Highly suited for fin tube and radiant panel installations
a

b. One configuration for this system is that heat can be supplied by either tbe
solar system or the auxiliary boiler

c. Another configuration for this system is that heat can be supplied by both
the solar system and the auxiliary boiler

g.

d. When the solar storage Stank is hot enough to supply the heating load, water
is pumped from the storage tank through the finned tubes and bypasses the
boiler

e. If the storage tank is not hot enough to supply the heating loid completely,
water is pumped through the boiler and then, into the finned 'tubes, byOass-
ing the storage tank

f. If the heating requirement" can be supplied by the water from the solar
tank, the auxiliary 'oiler does not operate

g. When more heat is ,required than the solar system can supply, alone, the
boiler kicks in to suppiement the solar heat

h. Permits lower temperature water in the sal& system to be used to supply a
portion of' the heating load and actually contributes to higher collector
efficiency and more usable solar energy

.111.

12.. Complete the following list of ways radiant panels are used in water collection, water
storage, water istribution space heating systems.

a. Radian nel heatin4.systems employ copper tubes embedded in concrete floor
slabs avd in wall and ceiling construction

. Floor installations are the most common with copper coils embediled in concrete
. with Jor more of cancrete above, the tubes and

never less than an inch of concrete below the tubes

*c. Ceiling and wall panels are usually embedded in

d. Wall panel installations require to reduce
heat loss,ter\theoutside

ot.
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13. Select true statements concerning characteristics of an air ollection, solid material
storage, air distribution space heating system.

a. When heat is available for collection, but there is no heat demand in the
house, the collector circulation fan begins to draw air down through the
storage container

b. Motor operated damper number 3 is closed whenever the dollector fan is
operatin9 and open at all other times

c. The bottom portion of the stora e container contents will heat first, and the
heat will extend upward as more nergy is collected

d. When no heat is being collected, bOt is called for in the I:wilding, the centrif-
ugal fan in the auxiliary heating system begins operation and signals dampers
1 and 2 to open

e. Return ak is drawn upward through the storage, exits at maximum tempera-- ture, and is circulated through the building
.

f. When the heating load% cannox be supplied by the solar system, the auxiliary
heating system comes on

g. When there is a simultaneous collection of energy and demand for heat
by a building, motor operated damper 4 is open

h. Air is circulated directly from the collector to the building

14. Complete the following list of characteristics of water collection, water storage, heat
pump distribution space heating systems.

a. The electrically 'driven heat pump enhances the flexibility and efficiency of

b. A heat -pump has the capability of extracting heat from a cooler source and
increasing it to a higher temperature, thereby increasing the

c. A heat pump can extract useful_ heat from the solar storage system evenoWhen
the temperature has room temperature

15. Distinguish between an air-to-air heat pump and a water-to-air heat pump function.
in a solar space heating system by placing an "X" nextlo the function of an air-to-air
heat pump.

a.. When heating is required, the heat pump extracts heat from the storage
water, increases its temperature, and warms the room air

b. When heating is required, the heat pump extracts heat from one air source
(usually the outside air),' increases its temperature, and warms the room air

16. Select true statements concerning steles in the operation of an air-to-air heat pump in a
solar heating system by placing an "X in the appropriate blanks.

a. All iolar heating is done directly from storage without the aid of the heat
purnp, but the heat pump fan is used to circulate room air over the heat
exchipge coil
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-
b. If heat available from solar storage is insufficient, the heat pump begins to

operate, supplying additional heat to the air
-

c. Although this does not permit stored solar' energy to be used below the
space temperature, it greatly reduces operational time of the heat pump
and .saves Touch electricity that would otherwise be used to operate the
heat pump compressor

- 17. Select true statements concerning steps in the operation of a water-to-air heat pump in
a solar heating system by placing an "X" in the appropriate blanks.

a. When the solar storage tank temperature falls below a preset point (usually
90°F), storage is used directly for space heating with the heat pump fan
circulating the room air over the solar Water coil

b. When the storage tank temperature .is over the temperature needed for
heating, the control valve changes position and circulates the storage water .
into the heat pump

. .

c. Wh'en the wker flow to the heat pump has been proven by a flow switch,
the heat pump compressor begins to operate, extracting heat from the
water and increasing its temperature; it is then used for warming room air

4,-

d. This procedure continues until the heating load has been satisfied or storage
tank, temperature drops to the lower operating limits of the heat pump
(usually about 60°F)

e. Sometimes, other water supplies of appropriate temperature can be used
when usable water in the solar storage tank has been exhausted

,

f. An auxiliary heat suppr is usually required with a water-to-air heat pump
solar system

18. Circle the words which best complete the following statements concerning desjgn
considerations for piping systems.

a. (Corrosion, Freezing) is the biggest enemy of piping systems and other solar
components

b. It is imperative, from a corrosion standpoint, that the fluid passagei in the (col-
lector, absorber plate) be compatible with the materials used for piping, storage
tank,' pump, and valve bodies _

I
All (pumps, piping) should be pitched from the high point of the system to
insure complete drainage when'necessary

d. In systems with drainage as freeze protection, the piping shciuld be pitOhed
at a minimum of (1/2, 1/8) inch per 1 foot of run to insure that fluid will drain
completely

I
e. Start up of all liquid-carrying systems should include a flushing operation to

remove (water and air, dirt and debris) accumulated during fabrication and
installation

,

:

/
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19. Select true statements concerning design considerations for corrosion protection
by placing an "X" in the appropriate blanks.

a. Corrosion ,protection has three major concerns in metal collector systems:

\

1) Corrosion between dissimilar metals

2) Use of corrosive liquids
:

3)- Presence of air in the system

*

b. When dissimilar metals are used in the presence of moisture, corrosion
can occur; this iS true even of copper when used with another metal .

c. In a solar system with a circulating fluid, it is sufficient simply to use dielec-
tric fittings to separate dissimilar metals and control electrolysis

d. Although it is difficult to exclude copper valves and pump impellers from
collector systems, as a general rule, it is best to mixoetals ,

20. four Other considerations for'corrosion protection.

b.

d.

\

,

,

21,. Solve the following problem concerning design considerations for collector cover
glazing: Additional layers of cover glazing teduce heat loss in a collector; why not keep,
addirig glazing to make the collector even more efficient? ...

, 4

22. Complete the following list of statements concerning requirements for absorber plate
insulation.

a: Since absorber plates/frequently reach temperatures of more than 200°F, they, - .must be insulated to , from
the.plate

b. The back of the collector is typically insul,ated with a
thick fiberglass blanket

, lo 0
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c. Most insulation currently available under-
goes volumetric expansion at temperatures of 250°F and should be used with care,
if at all

d. Other insulations have problems with the outgassing of volatile elements which
can lead to- corrosion and

e. Insulation selected should be evaluated accord/Ay to application needs

23. Solve the following problem concerning high temperature protection and its applica-
tions: When cooler fluid is pumped into a collector in a condition of stagnation, what
usually happens?

24. Complete the following list of statements concerning rules of thumb for circulating
pumps and solar system controls.

a. Pumps ordinarily selected for residential and small solar applications should be
centrifugal types with mechanical shaft seals or

b. Pumps may be close-coupled, in-line, or

c. Pump should have a proper combination of
and lift characteristics for the application

d. In , pumps must have sufficient lifting
capacity to raise water from the storage tank to the top of the collector

e. In most small solar systems, the pumps will not Olkeed 1/4 to 1/3 horsepower
and may be as small as 1/6 to 1/20 horsepower in

f. When centrifugal pumps are used, it is essential that they operate with a net
positive suction head

9. Ttie in the collector loop is normally
started or stopped.by means lof a differential temperature control which actuates
the cotlector pump when the collector temperature is higher than the tank water
temperiture, and shuts the collector pump off when the collector water tempera-
ture approaches the tank temperature

25. Solve problemsoconcerning solar domestic water heati systems.

26. Solve problems concerning solar space heating :tyste

27. Demonstrate the ability to construCt a working model solar water heater.

(NOTE: If these activities have not been accomplished pfior to the test, ask your
instructor when they should be completed.)

1

V1
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. ACTIVE SOLAR HEATING SYSTEMS
UNIT II

i
ANSWERS TO TEST

1 a. 6 g. 16 m. 1 s. 17

b. 10 h. 18 n. 21 t. 9
c. 15 I. 13 o. 2 u. 3
d. 7 j. 12 p. 23 v. 14
e. 11 k. 5 cl. 19 w. 8
f. 4 I. 20 r. 22

2. a. Solar water
c. Heat exchanger
e. Equalized
f. Cannot

3. a. Collector
b. Expansion
c. Hotter
d. Check
e. Collector

4. b, c, e

5. a, c, e, f, h

6. Any two of the following:
a. Dual solar and conventional tanks
b. Single storage tanks
c. Combined solar space and DHW heating systems

7. a. Collector e. Solar-heated
b. Electric heating element f. Electrode
c. Outlet pipe g. A higher efficiency

8. a. Can
b. Large

- c. 110-120.F
d. Lowfied ,

..
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1

9. a, b, c

10. a. Simple to operate and control d. Above the level _

b. Higher e. Furnace
c. Storage tank g. Solar supplied heat

11: a,b,d,e
,..

12. b. One inch
c.
d.

Plaster ,
Heavy insulation

4, 13. ".a, d, e, f, h

1 " 13 eu ..
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14. a. 'Solar systems..
b. Thermal gradient
c. Fallen below

15. b

16. a, b, c

17. c, d, f

18. a. Corrosion
b. Absorber plate
c. Piping
d. 1/8
6. Dirt and debris

19. a, b

9

20. Any four of ,the following:
a. Check the local water simply for PH level
b. A trouble free history of copper plumbing in the locality can usually be taken as

evidence that the water is not aggresiive to copper, but it may be aggressive to
oth er meta Is

c. )When there is a question concerning the presence of aggressive water, the water
should be chemically analyzed, and a treatmegt engineer should be consulted to
prescribe ways to make and keep the water nonaggressive

d. When antifreeze or special heat transfer fluids ar6 added to thi water, it increases
the potential for corrosion

e. Anti-freezes which are propylene glycol (nontoxic) or ethylene glycol (toxic)
based are the two major types of anti-freeze used with water in solar collectors

f. Propylene glycol is claimed to be nontoxic and should be used in DHW systems
unless@ double walled heat exchanger is employed

g. Anti-freeze *solutions usually requ e the addition. of corrosion inhibitors and
buffers for PH, and all anti-f reeze4olutions should be monitored and replenished
as required

21. There is a -point where additio

22. a. Maximize energy collection
b. 3 to 4-inch
c. Foamed urethane
d. Other collectable problems

lazing actually diminishes collector efficiency

23. This usually results in thermal shock which can cause the collector to buckle and the
glazing to break

24. a. Totally sealed units d. Open systems
b. Base-mounted e. Closed systems
c. Flan/ rate g. Circulating pump

25. Evaluated to the satisfaction of the instructor

26. Evaluated to the satisfaction of the instructor

27. Performance kills evaluated to the satisfaction of the instructor

1 I ')



LOAD CALCULATIONS AND SOLAR COOLING
UNIT III

UNIT OBJECTIVE

After completion of this unit, the student should be able to solve a problem concerning
considerations for establishing heat requirements for solar water heating, discuss the concept
of degree days, list the procedure for sizing a solar collector, and discuss basic concepts of
solar cooling with absorption systems. The student should also be able to complete a sun-
chart worksheet for a specific solar application an size a solar collector. This knowledge
will he evidenced by correctly.performing the proceâires outlined in the assignment sheets
and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student shOld be able to:

1. Match terms related to load calculations and solar cooling with their correct
definitions.

/2. Solve a problem concerning considerations for establishing heat requirements
for solar water heating.

3. Solve a problem concerning the concept of degree days and its formula.

A. Solve a problem concerning the concept of the degree day adjustment factor
and its applications.

5. Solve a problem corterning the sun-chart worksheet and its applications.

6. Complete a list of statements concerning the procedure fr collector sizing.

7: Select true statements concerning rules of thumb for solar refrigeration systems.

8. Complete a list of statements concerning basic concepts of solar cooling with
absorption systems.

9. Match types of lithium-bromide-waier units with their characteristics.

10. Select true statements concerning operating principles of an absorption air condi-
tioner.

11. Select true statements concerning system flow in a water chiller application.

12. Solve a problem concerning evaporative cooling with rock-bed storage.

13. Complete a sun-chart worksheet for a specific solar application.

14. Size a solar collector for a coinbination DHW and space heating solar system.

R5109
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LOAD CALCULATIONS AND SOLAR COOLING
UNIT III

SUGGESTED ACTIVITIES .

I. Provide student with objective sheet.

II. Provide student with information and assignment sheets.

I I I. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss information and assignment sheets.

VI. Review basic elements of heating and cooling load calculations.

4

(NOTE: This information is available in Manual J, Load Calculation for Residen-
tial Winter and Summer Air Conditioning; check with a local air conditioning
contractor to.obtain a copy, or it may be ordered from The Air-Conditioning
Contractors of America, 1228 17th St. N. W., Washington, D.C. 20036; the
ASHRAE Handbook of Fundamentgls is another source for information on load
calculatbns, or the materials in Unit VI, "Residential Heat Loss and Heat Gaint"
Air Conditioning and Refrigeration, Book Ill, as published by the Mid-Americi
Vocational Curriculum Consortium, will serve the rlurpose well.)

,
#

VI I. Invite a representative from a local. gas or electric utility to talk to the class con-
cerning calculations for .heating and cooling loads; most utilities use computer-
ized load calculvions, and it would be especially effective if the utility rep-
resentative could present a computerized load calculation that would provide
the students with additional information and assistance with the assignment
sheets in this unit.

i
i

VIII. Read the assignment sheets carefully, and select a model home that students can. use to adequately calculate Heating loads for a typical solar application, in your
specific locale.

IX. Prepare a chart, of solar information pertinent to your area; it should include
latitude, degree day information, design temperature for both heating and cool-
ing, a solar insolation chart, and prevailing winter and summer winds.

X. Locate a businessor residence in your area that is using a solar cooling system,
and invite the person most familiar with the system to talk to the class about its
design, performance, and maintenance.
N,

XI.- Give test.
ar

,

RS-111



t

.A

f

-

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Traisparency masters

1 TM 1-.Absorption Air Conditioner

2. TM 2-Flow Schematic of a Water Chiller Operation.

3. TM 3--Evaporative Cooling with Rock-Bed Storage

D. Assignment sheets

1. Assignment Sheet #1--Complete a Sun-Chart Worksheet for a Specific
Solar Application

. Assignment Sheet #2-Size a Solar Collector for a *Combination DHW
and Space Heating Solar System

E. Test /

F. . Answers to test

I I. References:

A. Solar Eneigy'Systerns. New York, NY 10174: Copper pevelopment Associa-
-t tion, Inc., 1979,

,

IV '

B. Solar Energy Applications Laboratory, Colorado State University. Solar
Heating and Cooling of Resistential Buildings, Sizing, Installation and Opera-
tion of Systems. Washingt4 D.C. 20402: U.S. Department of Commerce,
1977.

C. . Solar Energy Project, Text. Washington, D.C. 20545: U.S. Department of
Energy, 1979.

D. Solar Energy Project, Raeder. Washington, D.C. 20545: U.S. DeVartment
of Energy, 1979.

I
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LOAD CALCULATIONS ANI5 SOLAR COOLING 9
UNIT III

INFORMATION SHEET

I. Terms and definitions ..

III

,

A. Btu--Britislf thermal unit; the amount of heat required to raise the tempera-
ture of one pound of water one degree Fahrenheit /

B. Btuh--British thermal units per hour; unit used to express hourly heat
flow

C. Dry-bulb temperature-,The air temperature as measured by an ordinary
thermometer

D. Wet-bulb temperature-The air temperature as measured by a thermometer
whose bulb is covered with a wet cloth or wet wick and moved in air that has
a velocity of one thousand feet per minute

E. Heat loss-The amount of heat lost through all building surfaces, walls,
floors, doors, and windows exposed to outdoors or ,to adjoining spaces
with different temperatures

F. Heat gain--The amount of heat gained through all building surfaces, walls,
floors, doors, and windows exposed to outdoors or from adjoining spaces
with differeVemperatures

G. Load--The total heat loss and heat gain of a structure expressed in Btuh; this
calculation is used to size heating and cooling equipment

H. Ventilation--Controlled air brought into a structure
a

I. Infiltration-Uncontrolled air that leaks into a structura,
.

J. Hsiafdity--The amount of water vapor or moisture that is present in the
atmosphere or any material

K. Relative humidity--The percentage of moisture in the air compared to
the total amount of moisture the air could hold at the same temperature
and barometric pressure

L. Psychometrics-The science of measuring and changing the properties of
air

-1 -
M. HydrOnics-The science of heating and'tholing with liquids

N. "Nomogram--A chart which can be used with a straightedge fi determine
the square footage requirements of a collector

0. Refrigerant-A substance used in refrigeyating mechanisms togabsorb heat in
the evaporator

P. Absorbent-A liquid which combines cilemically with a refrigerant and
causes heat to be released in the process of combination

4P
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(

Q. R-value--The rating given to a material's ability to resist heat transfer

R. Cfm--Cubic feet per minute
----

S. Ton of refrigeration--A refrigerating effect equal to 12,000 Btuh

T. Chiller--The component in an absorption cooling unit which absorbs heat
from the circulating water supply ,

II. Considerations for establishing heat requirements for solar water heating

A. Hot water consumption is the major factor influencing annual heat require-
ments4

B. The amount of heat required to produce hot water depends on

1. , Number of gallons of hot water consumed daily

2. Inlet temperature of the cold water supply

3. Desired discharge temperature at the fixtures

P.
,

Deep wells produce water at a relatively constant temperatuke, but water
from shallow Wells, lakes, rivers, and reservoirs ,varies wit4hanging air
temperature throughout the year (Figure 1)

4 FIGU4 1

I

1

J FMAMJJN

A SOND
Albuquerque W 62 62 62 62 62 62 62 62 62 62 62 62

loston Re 32 36 39 52 58 71 74 6711 60 58 48 45

Chicago l ,32 32 34 42 51 57 65 67 62 57 45 35

DOWK RI 39 40 43 49 55 60 63 64 63 56 45. 37

Fort Worth I. 46 49 57 70 75 81 79 $3 81 72 56 46

Los Angeles RI 50 50 54 55 63 70 73 73 72 68 157 52

Las Vegas 1..W 57 64 U 71 7 7 85 87 86 78 70 65 57

Mann W 70 70 70 70 70 70 70 70 70 70 70 70

Nuhville RI 46 46 53 63 66 69 71 75 75 71 58 53

New York Re 36 35 3d 39 47 54 58 60 61 57 48 45 t.

Phoenix Ri,Re,V00418 4$ 50 52 57 59 63 75 79 69 59 54

Salt Lake C W.0 35 37 38 41 43 47 53 52 48 43 38 37

Uattle RI . 43 42 46 51 56 61 65 86 65 58. 52 44

Washington 11 42 42 52 56 63 67,, 67 78 79 68 55 46

/
Soutoe Data From Handbook ot Air Conditioning System Deign p 5-41 through 5-46 14cOnati Hill Book Company
Now YOrk (1965) Abbroytanons CCrileic LLake ReRiwvolf 141-1:Inno WWeil .

,

Courtesy Copper Development Association Inc.
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INFORMATI6N SHEET

The form ula for..determinipg Btu
discharge temperature minds inlet
8 .33 (it takes 8.33 Btu to.raise one
gallons df hot water consumed

'Jo

requirerrients for tic; water is: Desired
temperature of co( water supply times
gallon of water 1°F) times the number of

(NOTE: The chart in Figure 2 shows how the above formula would work in
determining hot water requirements for ,a family of four lii Nashville,
Tennessee; the desired discharge terriperattire is 1351IF 'and thQ water con-
sumption is estimated to be 91 gallons per day.)

FIGURE 2

t..
Em#4:40: =Tor-
111414,,
Highttwoumpliom
111 Siloniipav a. 4

*vary 4e PAO
44 07,500

March o 53 $2200
April 63 5$1°,9
May
^
June

66

69% 52502
July 71 41.500

August 75 45,500

*hunter 75 45500
October 71 41,500

NovemOr se 54.400

December. , 53, 62,200

Courteiy, Copper Developrrient Association- Inc.

Vie

t.
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INF'dFINTATION SHEET

E. Typical ly7 a kamily of four consumes between' 60 to 90 gallons of 'hot
water daily, but the thot water consumption-requirements can be arrived
at fo-any latitude by interpolating between the cold water supply tempera-
tures shown in Figure 1, the formula for arriviutrat Btu.requirementts given
in item 'D, and by using the chart in Figure 3 to achieve a nun%er of
persons/gallons requirements fi'gute

4
5

PoFIGURE 3

v-

0 25 50

0

2

E
50

75

i o o

125

150

175
75 100 125 150 175

GALLONS PER DAY TOTALI,

Courtesy Copper Development Association Inc

,
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INFORMATION SHEET

F. Calculations obtained .by using the art in Figure 3 can be checked by
plotting a graph of the information; the graph should curve smoothly,
and any sharp deviation in any month is a clue that an error exists (Figure 4)

(NOTE.: The following graph reflects information previously noted for a
family of four in Nashville Taacessee.)
FIGURE 4

F M A M J J Ale S 40

MONTH V.

pourtesy Copper Development Association Inc.
111. The concept of degree days and its formg)a

A. Instead of using peak heating demands to determine heating requirements,
the of degree-days is used to determine average requirements.

B. A degree day is a standard used to measure the beating season's mean tem-
.perature

C. The number of degree days in a calendar day is detefmined by the following
formula:' Subtract the day's mean temperature from 65°F

Example: If the mean temperature on a given day is 50°F, subtract 50°F
iram 65°F, and this yields 15 degree days for.that spedfic
calendar day

D. 134 adding the number of degree daYs for each day of the month, the average
_monthly conditions can be identified, and the average yearly conditions can
be ident'ified

(NOTE: Degree days charts for many locations in America and Canada are
available from many, sources; examples will be given later in this unit.)

i
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INFORMATION SHEET

\s.
E. In general, a solar system should be considered for a residence only when the

space heating demand has been limited to approximately 8 Btu per square
foot per degree day or less

Exemp le: Consider a home in Nashville, Tennessee, which loses 30,000
Btu per hour, while the outdoor temperature, is 17°F; if this
'temperature exists for a 24-hour period, the building demand
is 30,000 x 24 which is 720,000 Btu; since the des'gn point
temperature is 17°F 08 degree days per d , the house
requires a net heat input of 15,000 Btu per egree' day as
shown below:4.

30,000 Btu/hr x 24 hrs 15,000
(65°F degree daV base ITC,755
17°F design point temp)

Assuming that the home's floor area is 2,000 square feet, the
required heat input is 7.5 Btu per square foot per degree day;
since this is less than the requifements of 8 Btu per square
footp* degree day, this house is a good candidate for solat
heating

F. Homes that ,exceed the minimum 8 Btu per square foot per degree dily are
not well suited for solar applications and the money would be better spent
on insulation to reduce enernv4emands

IV. The concept orthethe dbgjee day adjustment factor and its applications

A. Because structUres absorb' radiat heat through windows and other compo-
nents, this actually lowers the building's heating requirements, but are not
included in peak load calculations

<0

16,
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B. This adjustment is made by using a degree day adjustment factor as present-
ed in the following chart (Figyre

- FIGURE 5

4

30

0

cr 20

0

iz .1 0
0
11J

ab -20

-30
.55 60 65 70 75 '80 85 90

DEGREE DAY ADJUSTMENT FACTOR

,Throutside design point temperature is based on .

.

. hourly average temperatures for eachhour of a ,

total year The average hourly temperatures will
be above the design point temPerature 971/2
percent of the year.

1

Courtesy Copper Development Association, Inc.
C. Using the degree day adjustment factor is as simple as finding the outside

t design point temperature and tracing a line across the chart until it intersects ,
the proper adjustment factor, which will always be less than 1.0; then, the
average heat requirement calculated by standard measurement is multiplied.,

by the degree day adjustment factor,, .

"

4
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0

D. The heat load calculations for eacK month should be completed to include
the degree day adjustment factor and prepared in a chart such-as.the one
shown in Figure 6

s

,

FIGURE 6 E xam pie: N ash v ill., Tennessee
Month (BTU/Day)

1

Jadary

February

March

Apnl

May

June

July

August

September

October

Noveinber

December

322,500

296,700

213,000

81,270

16,650

0

0

0

12,900

65,750

212,850

304,600

to

Courtesy Copper Development Association Inc.

E. Add all the heating load requirements to the hot water load requirements
, to obtain the total heating requirements for the home

V. The sun-chart worksheet and its applications

A. The sun-chart worksheet is a simplified ,approach that permits rapid evalua-
tion of heat loads and collector areas

(NOTE: The sun-chart worksheet was developed by the Copper sDevelop-4
ment Association, Inc., and when properly used, generates resulti'equal to
or slightly more conservative than ,results achieved by computir analysis;
obviously, calculations cannot be guaranteed by the CDA, but when used
properly, the sun-chart worksheet can be an effective planning tool.)

. .

B. The simplification of calculations is accomplished by making the foll'owing
assumptions about solar system characteristics:

N
1. The colleotor orientation is within 15 degrees of due south; applications

that vary Significantly from this should be calculated after adjustment
factors from an oriertation chart

2. Collectors with circulating liquids are used to carry collected energy to
storage or load ...

3. Water storage capacity ranges from 1 1/2 to 2 gallons per square foot of
collector array

C. The designer begins by entering the first five 'column's (A through E.) avail-
able data concerning the application (Figure 7)

a

s
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INFORMATION SHEET

D. The doigner then performs six mathematical operations using _these basic
data and enters the results in columns F through L (Figure 7)

E. A final multiplication yields data for the "Result" column on the far right;
the average daily heat produced during each of the 12 months by one square
foot of collector at a given tilt angle, operating at a specific temperature, and
installed in a particular locality (Figure 7)

FIGURE 7

JOB LOILECTOR TYPE
LOCATION COLLECTOR TILT
LATITUDE APPLICATION

. ., , . . ,

4'tL''',TY:
,tt t t,'0, i

y, ,

TY,CV
'WO.

01 ,,,, ,

'cit,l'iol
a

'II/IRINA
r , ;

'1.1:1EN:'
140,'
'ROM

,alltf ,
....tPDA i

J'".'..,0 ,AP., 1'

"AZ'
^ 1 I

''' ,E,;''''
'MK..

/If
',MI 1

, MN r'\'' .' It f
i

!: Olt

JANUARY

EEIRUARY

MANCH

AIME 1 i
MAY

JUNE

JULY

AUGUST
r .

SE PTIMIE PI
, -:

OCTOIE PI

_

NO YE M SE 14

OE CE MIEN

Courtesy Copper Development Association Inc.

F. Information from the worksheet is then used to properly size the sOlar
c011ector

(NOTE: Step by step use of the CDA sun-chart worksheet is presented in
Assignment Sheet #1.)

VI. ProcedUre for collector sizing

A. Once the rate of energy output from the collector has been established,
the designer can proceed to find the collector area needed for a specific
application

B. It is normally not economically practicable to size solar systems to handle
100percent of the heating requirements

C. Collectors for DHW systems are usually sized to handle 70 to 80 percent
of annual heating requirements

D. Collectors for combination DHW and space heating systems are usually
sized to handle 60 to 70 percent of annual heating requirements

RS-12



122

E..

Al

INFORMATION SHEET

As a rule of thumb, the correct percentages for sizing a collector can be
established by:

1. Sizing a collector for a DHW system so that it supplies 100% of the heat
requirement for the month of May

2. Sizing a collector for a combination system so that it supplies 100% of
the heat requirement for the month of March

(NOTE: The procedure for collector sizing is covered step by step
in Assignment Sheet #2.)

VII. Rules of thumb for solar refrigeration systems

A. Since refrigeration systems affect cooling by removing heat from the air al- it
comes in contact with a cold, refrigerated surface, conventional vapor-
compressor cooling systems using electric motors are adaptable to systems
using solar energy

B. Absorption systems are not adaptable to systems using solar energy

C. For economic reasonse the absqrption systems appear to be the most useable
in solar systems

D. Absorption systems curreniiy availableInclude:

1. Lithium-bromide-water units

2. Water-ammonia absorption units

E. Lithium-bromide-water units are more commercially available than other
lypes of units

VII l. Basic concepts of solar cooling with absorptionsystems

A. Absorption systems are similar in principle to an ordinary,, electrically
operated vapor-compression air conditioner

B. Instead of a refrigerant like Freon in a conventional air conditioner, inorgan-
ic refrigerants, such as water and ammonia, are used in an absorption ma-
chine together with an absorbent

C. An absorbent is a liquid which combines chemically With the refrigerant
and releases heat from the fluid mixture in the combination process

D. In a lithiumbromidemater unit, water is the refrigerant and the lithium-
bromide is the absorbent

E. In an ammonia-water unit, amr'nonia is the refrigerant and water is the
absorbent

(NOTE: These units are normally used only for commercial applications.)
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IX. Types of lithium-bromide-water units and their characteristics

A. Air chiller--Cools air which contacts the cooling coils .

B. Water chiller-Cools water whiCh contacts the cooling coils

X. Operating principles of an absorption air conditioner (Transparency 1)

A. The cycle begins when water in the liquid mixture in the generator is boiled
off and superheatlk with solar energy at a temperature between 170 and
210°F

B. The superheated, water vapor passes from the generator to the condenser
where it is cooled to about 100°F by the cooling water from an outdoor
cooling tower

C. The vapor condenses to a liquid and is then revaporized through an expan-
sion valve which cools the vapor-liquid mixture to a temperature of.40°F in
the evaporator,coils

D. The heat in the room air or water which is brought in contact with the
evaporator is removed by the cooled refrigerant in the evaporator

E. The refrigerant then passes to the absorberwhere it recombines with the.
concentrated lithium-bromide solution from the generator at a temperature.
of about 100°F

F. In this recombination process, heat is released, and the heat is removed by
the cooling water from the cooling tower

G. The dilute solution of lithium-bromide and water in the absorber flows
by gravity, or is pumped back to the generator, and the cycle is rereated

H. Some lithium-bromide.water systems use a recouperator as a heat exchanger
to make the system thermodynamically more efficient

Xl. System flow in a water chiller application (Transparency 2)

A. The absorption chiller should be situated close to the hot water storage
tank to minimize heat loss from the pipelines connected to the tank

B. Hot water from the top of the storage tank is pumped through the generator
by pump (P-2) and returned to the bottom of the tank; note that the piping
connection goes through the auxiliary boiler

C. When the temperature in the storage tank is insufficient to operate the
absorption chiller, the auxiliary boiler is used to provide heat to the genera-
tor

D. Wherrthe auxiliary boiler is used, 'the three-way valve at the bottom of the
auxiliary boiler circulates the return water only through the auxiliary boiler
so that auxiliary energy is not used to heat the solar storage tank,

-4.
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E. Pump size and head depend on the ,flovo rate and pressure loss through
the system and also the size and lengtl'i of piping

F. A wet cooling tower is needed with the absorption chiller to discharge
the heat from the condenser and the absorber to the atmosphere

(NOTE: Some smaller systems employ air to discharge heat from the con-
denser .)

G. The size of the cooling tower depends on the size of the absorption machine
and the wet-bulb temperature of the ambient air

H. A pump (P-3) is needed to circulate the cooling water from the tower
through the absorber and condenser of the absorption machine

I. Chilled water from the evaporator is circulated to the fan-coil unit to cool
the air in the rooms

(NOTE: Operation of water ammonia absorption units are sinlilar to the
tithium-bromide-water units except that operating temperatiffes are higher
and a seParator is inserted between the generator and condenser, but water-
ammonia units are not readily available and are not treated in this unit.)

XI I. Evaporative cooling with rock-bed storage 1Transparency 3).

(NOTE: Strictly spliting, evaporative coohng is not a solar system, but rock-bed
storage of an air-heegring solar system fpr storing cool air in the summer .can be
accomplished with the following procedure

A. Night air is evaporatively.cooled and circulated through the rock-bed to cool
down the pebbles in the storage unit

B. During the day, warril a.ir -from the building can be cOoled by passing the air
through the cool NO. ble bed

./
C. When a solar heating system with rock-bed storage is considered for Cooling,

it is advantageous. to install the maximum storage volume consistent with
heating system design

D. Evaporative cooling with rock-bed storage is best restricted to arid and
semi-arid regions with cool nights and low wet-bulb temperatures

(NOTE.; In' marginal conditions, evaporative cooling through rock-bed
storage might function, but it would produce an extremely uncomfortable
humidity of more than 70 percent.)

1
41- 4. c)



Absorption Air Conditioner

Solar
Collector 1.Generator

cJ
Pump

5. Recouperator
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4 Expansion Cool Air or Water
121 Valve 4. 4 4

3.Evaporator .

Coo ing Tower Water

(NOTE: This type of unit is designed for commercial use Only.)

Courtesy U.S. Department of Energy
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Flow Schematic of a Water Chiller Operation
+Fan Coil Unit <

Water
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to Rooms Supply

Solar Collector
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(To FS) 7111_
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(NOTE: This operation is for commercial use only.) ,
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Courtesy U.S. Department of Energy
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4Il Evaporative Cooling with Rock-Bed Storage
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Courtesy U.S. DepartnIent of Energy.
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LOAD CALCULATIAS AND SOLAR COOLING
IT III

ASSIGNMENT SHEET #1-COM ETE A SUN-CHART WORKSHEET
FOR A SPECIFIC LAR APPLICATION,

. Directions:1Proceed carefully through e following example of how the CDA sun-chart
Worksheet Should be ,filled out col n by column; these examples are from. a CDA sun-
chart worksleet preriarevi for a r application in Nashville, Tennessee, but all materials
piesented can be adapt:: t latitude, t

'
pe Of collector, and other pertinent factors

. necessary tO produce an aOcurate "Results column. Refer to the completed' CDA sun-
chart worksheet as N6:su move through the example. The reference will 'assist you in under-,

nding each step and its particular significance in the process.

DATA INPUT (Columns A through E)

Column A: Enter the collector heat gain factor from the chart in Figure 1; tbis chart
is a general/guideline, but, heat gain factors are supplj.ed by manufacturers
of collectors; note that in the completed worksheet;-the collector has 2
plates and a copper absorber with selectiv surface

FIGURE 1

4194

r

4 .4
mat, .Ner .

1 Cow PUS
I Copper Abatis,

with net Neck Surface .15 1.35

2 Cover Plato
Copper Absorber
with Flat Black Surface .72 90

1 Cover Plate .4
Copper Absorber
Selective Surface 76 85

2 Cover Plates
Copper Absorber
Selective Surface .70 Si-

Cqurtesy Copper Development Ass iation Inc.

Column B: . Enter the collector heat )oss factor from the ckart in Figt.we 1; note what
is entered on the completed worksheet and rethember this infOrmation for
collectors not listed on the chart in Figure 1 ik available from the collector
manufacturer

Column C: Enter the daytime average air temperature foUr the locale; this may be .
obtained from available charts or from a kwal_ or regional weather station;
in the case of the Completed worksheet, the daytimeaverage temperature
for Nashville,. Tennessee during the month of January is 4611F and for the
month of July is 87.F

(
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Column D:

Column E:
.,

,,

ASSIGNMENT SHEET #i

Enter the amount of horizontal solar energy received by a horillontal surface
on an average day in each month; thit information is available in insolation
tables which are included as examples in this activity; enter the number
preceding the slash, in the insolation chart; note that in the completed
worksheet, the January figure is 601 and the July figure' is 2033; the entry
after the slash is a diffuse percent used interpolating information needed in
Column E ,

Enter the collector tilt factor; from the completed worksheet, you can see
the entry of 1.44 is the January tilt factor,for the Nashville latitucle of 36°.
This requires interpolation, but here's how it works: In January, Nashville
has a % diffuse factor of 65%. ,If a collector tilt of 51 (latitude plus 151 is
desired, we must interpolate between both the positions of latitude and the
tables for % diffuse. First, interpolate for latitude on each of the two appti-
cable % diffuse charts (60% and 80%).- On the 60% chart, we interpolate
between the January factor for a collector tilt of latitude +15', for 32'
latitude (1.37) and for 400 latitude (1.60). Since the latitude of the site (361
is halfway between them, the result is 1.485, or call it 1.49. Similarly, for°`
the 80% chart, the result is 1.28. Since the % dpuse for Nashville in January
is 65%, an interpolation between 1.49 and 1 2B yields a tilt faCtor of 1.4375,
call it 1.44, t is the tilt factor that should be entered across from

`, Januanj in column E

COMPUTATION SECTION (Columns through L.)

Column F: This Entry is obtained by multiplying the quantities from columns.D and E;
on the completed worksheet, the January figure would be 865.44, call it 865

?

-

,
:

,

.44
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Column G:

41$`

ASSIGNMENT SHEET #1

Enter here the assumed collector input temperature as obtained from the
following chart in Figure 2; for Nashville for an application,that combines
space heating and DHW, that figute is 1000; be careful with this part of the
procedure because this chart was prepared specifically for Nashville; other
locales will probably have different collector input temperatures from month
to month

4

FIGURE 2 Combined
Space Heating
and Domestic
Water Heating

Domestic Water
Heating Only (Add to
Cold Water Supply

Temperature)

January 100°

February 115°

March 140°

April 155°

May 165°

June 75

Jui 80'
August 180°

September 1/5
October 150

, November 130

December 105'

CWS + 20'

CWS + 35*

CWS + 60°

VMS + 75°

CWS + 85°

CWS + 95'

CWS +100'

CWS +100'

CWS + 95'

CWS + 70'

CWS + 50'

WS + 30'

Courtesy Copper Deve ii t Association Inc.
Column H: Enter here the temperature difference be een e cffilector inlet and the

daytime average air temperature; in other s, subtract Column C from
Column G; in the case of the completed worksheet, the figure is 54

Column J: This entry is obtained by dividing Column B by column A and multiplying
the result by 2 times the quantity from column H; in the completed work-
sheet, the figure is 100

Column K: This entry is obtained by dividing theresult from ColumnJ bv the quaRtity
from Column F; in the completed workiheet, the figure is .12; the figure in
the completed worksheet is a little over 100but call it 100

RS-13\
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L

Column L:

ASSIGNMENT SHEET #1

This entry is obtained by referring to the cllectabIe Energy Graph in Figure
3, finding the quantity obtained in Column K, then following the K axis
across the graph until it intersects the curved L axis; the completed work-
sheet shows .42

FIGURE 3

.20

.90 .80 .70 .60 .50

Courtesy Copper Development Association Inc.

Resat Column: This entry is obtained by mUltiplying the values from Columns F and L;
this is the amount of heat colrected in Btu per square foot per day,
an average day in a particulai'month; on the completed worksket,
the figUre for January is 363.30, but call it 363; once the rati of
output from the collector has been_ determined, the designer can
proceed to find the collector area needed for a specific application

Assignment: Using the blank. CDA sun-chart worksheet provided with this activity, com- -

plete the worksheet with information provided by your instructoi-ififormation should
include specific latitude, average daytime temperature, heat gain factor and heat loss factor
foria given collector, necessary collector inlet temperatures, and whatever materials are
necessary to complete the assignment; you may refer as needed to the sample exercise which
you ',lave just completed; when you have finished the worksheet, and just for fun, write a ,
brief note explaining why the columns in the worksheet jump from "H" to "I" and omit
the " I.".Good luck.

I )
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ASSIGNMENT SHEET #1

COMPLETED CDA SUN-CHART WORKSHEET

JOB CDA Solar Home COLLECTOR TYPE Double Glazed Selective Surface
LOCATION Nashville, Tennessee COLLECTOR TILT 51° (LatitUde + 15)
LATITUDE 36' North APPLICATION Space and Water Heating

4

,

A e c 0 E F G 11 J K L RESULT

.

COLLECTOR
HEAT GAIN

FACTOR
(TABLE 8)
OR MFG S

LIT

COLLECTOR
HEAT LOSS

FACTOR -
(TABLE 8)
OR MFG S

L I T

AVERAGE
I)KITIME

AIR
TEMPERA-

TURE 1

HORIZONTAL
SOLAR
ENERGY
(FROM

TABLESIAPPENOIX BF

COLLECTOR
TIL1 FACTOR

(FROM TABLE)
APPENDIX C

INCIDENT
ENERGY

F 0 4 E

COLLECTOR
INLE1

TEMPERA
TURE

(TABLE 9)

H

COLUMN G
COLUMN C

F

J

142H X
J

F

J

L IS
FOUND FROM

FIGURE 41
USING X

>

TOTAL
ENERGY

COLLECTED
F 41

8TU SO
FT OAY

JANUARY 70 65 46 601 1 44" 865 100 54 100 12 42 363

FEBRUARY 70 65 48 882 1 10 1147 115 67 124 11 44 505

MARCH 70 65 57 11' 88
....

1 09 1295 140 83 154 12 42 544

APRIL 70 65' 67 1638 8z6/' 1441 155 8$ 163

,
11 44 634

MAY 70 65 76 1911 634 1204 . , 165 89 165 14 37 445

JUNE 70 65 . 4 84 2081 t61 1269 175 . 91 169 13 39 495

, JULY 70 6.5 87 2033 62 1260 180 93 173 14 37 466

AUGUST 70 65 86

_

1845 89 k 1642 180 94 175 11 44 722

SEPTEM8ER 70 65 81 1561 1 10 1717 175

,
94 175 10 46 790,

OCTOBIR 70 65 69 1199 1 42 1701- 150 81 150 09 48 817

t NOVEMBER 70 65 55 808 1 57 1269 130 75 139 11 44 558,
,

DECEM0ER 70 65 47 605 1 63 986 105 58 10B

,
11 44 , 434

Courtgsy Copper Development Association Inc.
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A8SIAMENT SHEET #1

AVERAGE MONTHLY AND YEARLY DEGREE DAYS FOR CITIES IN
THE UNITED STATES AND CANADA, a.b.c.(BASE 65)

0,

HOW.DEGREE t7AYS ARE MEASURED

A degree fAy I 'Jribctald fbra osed by heasng engineers to measure 1he heahng Season S
0(133,35.5 Tn., ,rnto, ot 11e37t t (1.4, .0 a calendar day ,s determined by Subtrachng the day 5 Mean

It'03ftft,11,3ff from tf-, If the ,gr, on a ()two day was 60 and the low was 40 the mean temperature that
lav wool, De V) SotItat ot I rom 17 tb,s would give 15 degree days tor that calendar day

UNITED STATES

Oft

Slate Slaton
Aog

Auto,
Tamp F

J ug Se Pt Ott Nov Dec Jan Fo We Apr soly Jas 1.4f
Abs Eiormngnam A 54 2 0 0 6 93 363 555 592 462 383 108 9 0 2551

hunts,lie A 51 3 () 12 t 27 426 663 694 557 434 138 19 0 3070
P2et,31 A 59 9 0 0 0 22 213 357 415 300 211 42 0 0 1560
FAuntqurnery A 55 4 0 0 0 68 330 527 543 417 316 so o 0 2291

Alaska 4.,, ec rage A 23 0 245 291 516 930 1264 1572 1631 4316 1213 679 592 315 10664
t Alf ban, A 6 7 171 332 642 1203 1833 2254 2359 1901 1739 1069 555 222 14279
Juneau A 32 1 301 336 483 725 921 1135 1237 1070 1073 910 601 361 9075
Norne A 13 1 481 496 693 1094 1455 1120 1879 1686 1770 1314 930 573 14171

Ara flagstaff A 35 6 46 66 201 5511 567 1073 1169 991 911a 651 437 2150 7152
Phorn 4 A 58 5 0 0 0 22 234 415 474 329 21 7 75 0 0 1755
TIJCSOf, A se I 0 25 231 406 471 344 242 ' 75 6 0 1800
Wthslow A 43 0 0 0 6 245 711 10015 1054 770 601 291 96 0 4782
Y.3,33 A 64 2 0 0 0 0 108 264 307 190 90 15 0 0 74

Ark Fort 5r030 A 50 3 0 0 2 127 450 704 761 596 456 144 22 0 32112
Lele Reck A 505 0 9 127 465 716 756 577 434 126 9 0 3219
Te.arkana A 54 2 I) 0 0 76 345 561 626 468 350 105 0 0 2533

Cala %me's' e kl A 55 4 0 37 262 502 546 364 267 105 19 0 2122
Bothop A 46 0 0 0 415 260 576 797 1574 680 555 3136 143 39 4275
Bete C le ion A 42 2 26 37 105 347 594 781 896 795 1106 597 412 195 5556
Burbank A. 58 6 0 6 43 177 301 366 277 236 138 sI 111 1646,
Eureka -C. 49 9 270 25 258 329 414 499 546 470 505 438 372 285 4643
Fresno A 53 3 0 0 84 354 577 605 426 335 162 62 6 2511
cony Bear n A 57 8 0 9 47 171 316 397 311 264 171 93 24 1603
Los Angetes A 57 4 28 2 42 76 1150 291 372 302 269 219 151 SI 2061
Les Angele, 3_, 60 3 6 31 132 229 310 230 202 123 IA 15 1349
Mt SnAsla C 41 2 2 3 123 406 696 902 983 794 736 .525 347 159 5722
04304,7 A 53 5 53 5 45 125 , 309 451 527 40 353 255 too 90 21170
Red Blurt A 53 8 0 0 53 318 555 605 428 341 168 47 0 2515
'33,Ke4eteele A 53 9 0 0 56 321 546 563 414 332 178 72 0 2502
Sawreee, C. 54 4 0 0 62 312 533 561 392 310 173 76 0 2419'
frondbeg 46 8 0 30 202 480 691 778 661 620 426 264 57- 42011
'win ,-seg A 59 5 13 21 43 135 236 298 2135 214 135 90 42 1456
San F' Incr .4 A 53 4 81 7 60 143 306 462 508 395 363 279 214 126 30t5
Sae Fr Inc u C 55 1 192 17 102 116 231 388 443 336 319 279 239 1110 3001
Santa Mar a A 54 3 99 9 96 146 270 391 459 370 363 282 233 165 2167

Colo karnosa A 29 7 65 9 279 639 10455 1420 1476 1162 1020 666 440 166 6529
c ,..,atto 03,, 0 t, A 37 3 9 2 132 456 625 1032 1128 936 693 582 319 64 6423
Drove, A 37 6 6 117 428 619 1035 1132 938 11117 sss 286 66 6283
De0,0. 40 8 0 90 366 714 905 1004 651 800 492 254 48 5524
Srlf f J ',I a`f A 39 3 30 313 766 1113 1209 907 729 367 146 21 5641
et,et333.. A 40 4 54 326 750 986 1085 571 772 429 174 1 5462

Conn Brooecx 0 A 39 9 0 0 66 307 615 986 1079 966 953 510 zos 2 5617
I-3,0k,, A 37 3 ,3 2 17 394 714, 1101 1190 1042 909 519 205 33 6235
Nt. v. elawe' A 39 0 87 347 648 1011 1097 991 971 543 245 4 5867

Del A lon r ,lr -, A 42 5 0 0 5 270 5615 927 980 874 735 357 112 4930

D C Aa50 ',woo A 45 7. 0 2 3 27 519 634 571 7 626 251 74 4224

Fia 43a,306,c, A C 61 2 1 0 16 353 319 347 $0 33 1306
Da00 a SCA( r A 64 5 0 75 211 248 140 15 879
Fro" styrrs A 66 6 0 0 24 109 146 I I 62 0 442
i,,,,,,,,,, ,,l,, A 61 9 0 i2 144 310 332 2 174 21 1239
IC Py v9e11 A 73 1 0 0 0 28 , 40 31 9 0 108
ak, ars: C 66 7 0 57 164 195 146 99 0 981

Ma., A 71 1 0 0 0 65 -....,
74 56 19 0 214

54,3 n Seat r ' 72 5 0 n 0 40 56 36 9 0 141,, ,,, , A 65 7 0 72 196 220 165 105 6 766
15 ,,, . 1 A 60 4 0 19 195 353 400 277 103 36 1463

A 60 1 _0 _ _29_ 1915 360 375 266 202 36 14115
Tenp. 3. A 66 4 0 10 0 0 60 171 202 148 102 0 643
3)ke,13,trep*, 3,A 68 4 0- 0 6 65 87 64 31 0 253

Repr,nted 6orn A SHRAE 1973 Systems Handbook Chapter 43 Energy Estimafing Method

1.3 a, e3-1. , 3333. -333,3 or, if,r of the Unqed Slate3, Weather
B.O.... Mt nrnS 5, - r,, , ,a P -p talon and Fe abrg Degree
:3,fyrs 4f3.3 af ' 20 'us., These 5434 also ,o(ufle
ofr he )f, 3 Pov15,t,r, &inn where

Era', .f-f a Pfa" A aff*. _ ae Do)e [even .33313.033

4,4,4nY

Data for C anad3an crtes where computed by the Comatology Doeson DePad
mem ol Transpon from normal monthly mean temperatures andthe monthly
values& healog degree days data were obtarnad uvng the Nattonal Research
Counco computer and a method deosee by C S Thorn of the United Stales
Weather Bureau The heatrng degree days are based on the peood horn 1931
to 1960
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ASSIGNMENT SHEET #1

INSOLATION AND pERCENT DIFFUSE TABLES
BTU per sq. ft. per day/96 DIFFUSE

Oly Let Js
mse,

Fab Mv Api May Junisi

ALABAMA
Birminghern *16 70443 9624ll 1296145 1672/40 1455140 10171413 1509142 1722/40 1454/41 1210031 11613146 661/51
Mobile so.7, 528148 1099145 1406141 17211311 1871738 1667/41 1714145 164044 1441944 12911/3$ 955/44 759/48
Mont 90r0101 313 751/51 1013147 1339144 172540 1596/38 1971134 1639141 1744140 1467/42 1261134 915144 719146

ALASKA
Annaiim 110 23210 424/53 870142 1342141 151165 11115148 1515147, 1257160 951/47 450/64 21742 15118
Ilettmi. 40.11' 136141 413/33 1040/18 164022 1682/40 1655144 1364/55 93510 734/53 431/41 1445 55/44
Fairbanks 64A' 70123 28036 850120 141028 1756134 194311 153714$ 1335141 61611 317141 100138 22132
Matanuska . 61 S' 115/2 339042 582128 1312/37 1607/42 1703/411 150048 115050 73063 361151 140151 55155

ARIZONA
Page W1 , 110018 1406/18 193913 2278118 2562/14 260616 2507120 2197123 1902/21 .1447.121 1143120 096127
Phoenix . 31/4 102011 1374127 1513722 2353116. 2674113 2736114 2415/21 2291121 2014/20 1575/21 1150/27 532/32
Wescott 34.4' 1015/21 1134/27 177023 22741If 2629115 275114 2308127 2090/28 1915/21 1542/21 1139124 921030
Tucson 32.1 1096211 1431/25 1063122 2342/111 2670/13 2721114 2340/25 2181725 197022 1501/22 1207126 195/31
Winslow 310' 9114/30 1320127 1771/22 2242/18 2593/111 270011 2345126 2139136 1927/21 1512/22 1111126 894/31
Yuma a7 . 1015125 1442/24 184118 241114 4726112 2812/12 2451/22 2327720 2050/18 1622/20 1214/24 996129

ARKANSAS
Fort Smith 3$3 743/47 494141 1311142

.
1015141 11111134, 2d418134 2064134 1874134 15047311 1200136 651/42 612147

Lithe Rock 34.7' 731/48 100045 1312/42 1610142 192434 210034 2031/31 1560136 1517/31 1228/37 847144 1173144C4uFORNI4
Arcata 41.0 52813 7931411 1132/411 1586140 1441/40 1900138 1807142 157044 1341/41 935145 59341 41464Snemfield a.. 76441 1101/38 1514130 2093724 2508118 2741114 26131/14 241918 1911/18 1457/24 141137 877/47
[Mogen 341' 657732 1279121 1772/23 2273/18 2590118 2764/14 2602118 2381118 2007/18 1515722 10147211 875/33Davis 3113* 54343 144142 1482131 1947128 2345/23 201111/21 2544/18 2252121 1436122 1213/21 71143 54061
El Tom 33.7 ' 947136 1235133 1809/31 1124131 204843 2193131 2342/29 2154/26 1734130 1356132 1024* 11161137
Fres.10 32.11' 114517 1014142 1 s24/31 1986/28 2306/26 2521/21 2524/20 2274/21 1871122 1355124 84143 5411148 .Inyokern XS' 1150/11 1545/13 21314 25644 21034 3042/4 249134 27214 231102 17644 13404 1067114
Long Beach 33.1 927/37 1214134 160941 1931130 2063/33 2139133 2248/27 2016126 1696131 1325/33 100031 446/31
Los Ang4/a* 10I' 025r37 1213134 1518/30 1950130 2054/33 2118133 2306127 207848 1180132 131143 1003136 444137MI Shasta 41.3* 540146 157/4 125040 1756133 21116124 2435124 2571/18 221341 1134/24 1154/31 WON 505/46
Needlas 341 ' 98440 13530 1824/20 2311E18 2610114 2111013 2540118 2276121 2013/18 1537131 112026 51030
Oat/land 37 7' 70746 1017/40 1456/33 19211$ 2210728 2341/27 2321/27 2052726 1700121 1211/33 822/40 644/44
Pasadena 34.1' 825134 1228133 t11111211 11115132 2097132 213143 2337/2$ 220023 1777121 134031 Min 87048
Point Mugu *1' 92146 1220133 1634/29 1850130 201144 205314 211742 19341$ 11107134 1295134 1005134 656137
Riverside 314 ' 101440 1353/27 1762/24 1164/21 2217126 2507/22 24111/21 2271/21 1972121 1500124 1176124 SOW
Snramanto 344 50643 939144 1457733 2002/25 2433/21 21182/18 -2687114 2367/111 1606116 1314/27 281141 130113
San Diego 32.7* 97546 1265133 1831131 113031 200116 2061136 2111030 2050311 1716132 1373122 1062133 103136
San Francisco 374' 707/46 100440 1454133 1911121 2224129 2375127 231024 2115124 1741/27 1225* 621/40 642/48
San Joss $7.3 1113141 440142 1301/41 9137134 Ii1541 2207/31 224716 197141 101172111 11411130 15111411 1135147
Santa Mwis 341' 853140 1140137 1531132 1920/32 213612 2347/27 2340/I6" 2106127 1721130 1353/30 17335 11103111
Sunnyvale 37.4' 737/9 103031 141512 1943131 2275127 2451/24 2440722 2165124 175027 1241/2 643134 640144

COLORADO ,

Souider 40.0' 74141 981/3111 1471130 1414/37 1111119411 ' 1935140 1917/1 181042 1510134 1143134 8187311 871/37
Colo Springs 3113 11110728 1177128 154113116 11130727 2127731 2367/27 2210130 202444 175622 1354124 94446 78110
Denver' Kr 44033 1127130 1530/29 1871E28 2134130 235047 227247 2044/36 1721/31 1300* 843/34 731/33
Eagle 21.1 ' 75447 1077132 150040 1931/28 2254127 .2107122 2385/24 20113127 174024 1307126 161/32 Morn
Grand JunCtion 38/1 711/4 1118/31 1552/28 1965/27 2371/22 115117/20 2464/22 2140123 0111,33122 1344124 918130 731/33
Grand Lake 40,2. 232/33 1154/27 1569131 11114411 203543 2130124 2212128 1012130 1755/24 133113 463131 87036NOM 313* 894131 1171130 1563121 1915128 214140 2433124 231012? 2101/27 177144 1360124 953139 782/31

CONNECTICUT
Hartford 4111 477/14 71443 97453 131440 1567/41 10151411 1641647 1420/411 1154/48 852148 48744 344/00'

DELAWARE
Wiiminglon 317' 57 1 111 527144 11044 1479/46 1709145 1442141 1622/42 181042 1317144 116444 64440 416118

DC
Washington 3113 * 571/54 131050 112444 145044 1717/44 119941 181742 MO 7144 134144 1003/44 85110 44147

FLORIDA
ADsheehicole AP 652148 1125145 1473/40 1877/34 209033 1107737 1812/42 14146142 1534/40 1370131 103040 817147
Daytona 1430 21.2, 954/42 1213140 154747 114344 196648 182542 1783142 16111142 147744 125042 1133541 870/4$
Gainesville 2111* 1025134 1353733 164013 1117130 2180/30 2001147 11117/3/0 11373138 1437137 1357117 1172/32 1136140
Jacksonville 25.41 ewes 1162/41 1521137 1454134 1115547 1844/41 1801142 103/42 1441/44 1222/42 11113/41 8171411
mom si 106642 131634 150037 185036 1642140 170714$ 1762/44 162041 1450411 1301142 1117141 1015141
Orlando my 060141 1243/40 1531134 1817/3 1111117136 1430142 180042 1872/44 1445/42 1303140 101511 1125/42
Pensacola Xi' 932/44 118310 149348 187143 2072/33 2094/34 1871/37 1874/31 1565/36 145231 1025/40 8241411/scannas. 30.4' 87446 1131142 1471/38 NUNN 11135138 111112/41 1747044 187442 141112142 1317128 1007141 813/47
Tampa - au. 1010141 1216140 1593/36 1907/33 1997134 1847/41' 1751/44 1652/44 1481/44 134448 110744 236/42

0104014
Atlanta 321*. 21741 449144 1302144 111115/11 1153160 1111140 1811/42 1707/41 1421142 1119/40 1142144 874/8Q
Augusta *4 250143 1014/44 1336142 172844 18114140 190340 1433/42 18114/42 1401144 1219130 816/41 72
Griffin 26.2* 877/1 1113/40 143036 1913131 2127131 213033 2061114 1121113 1111136 1372/31 1042/32 774/44
Macon EV 24644 101644 1382142 1234131 1 nun 1418/40 1744/44 1716/41 143042 124413s 11311141 722/44
savannah *I ' 90741 1151/40 1411634 140632 2025113 2042134 1875/37 1447137 14111/41 1243/311 877140 71446

144417S11

14110 sr i 120140 1244140 1346144 1434140 1553140 105641 1624/411 1522144 154440 1372/40 1104/40 101044 .
Honolulu 21.3 1110240 131151$ I421/4 1711/34 1149130 2004/30 2002110 196330 1111630 1540/30 17311412 113634

10A140 I
'WS* 46*. 411641 &35141 1302124 11125130 222925 2611123 -2511114 2115121 173021 1137121 62644 43241
PoutNio 11O' 539148 11111131 132042 1811130 227441 24 14/23 25811116 223640 1 71441 1202126 6119111 1474/4111
Twin Falls 01r 101145 655n4 130* 1703/36 2035/33 214342 221111311 1111/28 151341 106414 3441144 41344

R.1.41016
Chicago 41241. 506163 750046 110046 142444 1204/41 200614 1042* 121441 1353/40 94641 546141 eviii
Lamont 41.7* 630142 85544 1202/41 14381411 .14124o 203447 1943/38 1712/31 1416131 877/41 57041 48340

Sootca Dais 6,/yrn 45.n Socaroan and (IP e 0,4o,o'r A.1.,49e Scpar Raa.a,,on on IncAo Suoaces E Repo .42 2 Unrversity of Msconson RIvised 1975

.1 j
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ASSIGNMENT'SHEET #1

1

INSOLATION AND PERCENT VF FUSE TABLES, CONTINUED
BTU per sq. ft. per clay 1% DIFFUSE

,Iv

4

Jen F.50 464

Mona 41 4. "A451 61247 1111411 145645 1752142 1968/311
Poor.' 40 7 4C, 47 84041P 1181144 155441 1176311 2112/34
Spr.V.olr1 314 56550 66046 1133164 1514/44 1866311 2096134

INDIANA
310 573,55 522/50 1150/47 150046 1711/42 19611311

r.,ft 04,,n4 41.0 455/511 69711 91153 1360411 1670061 1840/42 ,
"0.1.11Poli 3117 49551 '47154 1036/51 1397/441, 1687143 156642
So, ,114,1 41 7.

,

4442 , 660/511, 49241 138747 172144 1931/40 ,
IOWA .

42 0' 642'40 .933111 1725/41i 46644 117042 1994/341
Doi 41 5 541547 840/44 I 110142 1556141 186631 2123134
MaSt, r ly 43 1' 55346 63642 ! 1187/41 I 1517/41 1194/31 2112/34

I. tv 42 4' 841 44 1169/42 157/40 1900136 2122/34
KANSAS

,

1

DoC94 C,11 37. s2573, 1121/3 1476121 1114/31 ' 2069/32 2356/27
Mannatta., 36.2' 70641 97140 1272,411 1596/401 1943/37 2031/37

36 1' 61146 94042 125641 ; 1640/3111 1914/36 212514
W vita 374' '5140 1051540 1405734 1782/30r 203531 244/30

KENTUCKY 4
co.oNton 30 37249 512/611 / 103611 141645 117330 2142133
1-..nglon _ 311,0 54517 77914 I 1099141 147441 ; 1746144 1 169441
Louisyllt 312 544/37 ' 7141431 1102141 j 1406/4 ; 171044 1902141

LOUISIANA
Salon Rouge 301' 7655 105347 1326441 9680/41 1 187031 1925131
Lake Claris, 30.2* 729155 1009145 1313/401 1569/45 1646/40 19119a3
Now Oriaans 30 0' 113641 ; 1111411 1414142, 177913111 1966/37 2032137
S5rovipor1 32 4' 43146 , 102646 ; 139641 1721/31 202034 200647

MAINE
Caribou 41 IV 425/0 1 721/44 1132/11 1407/44 ' 1545/44 174944
Portland 43 4' 45045 ; 662/63 , 96641 1303141 1567/44 171047

MARYLAND
na0olis 360' 645/47 139645 1254/41 ' 154542 1711941 2053/37

3112' 515/51 839441 ' 115141 1617/45 713/45 . 18791411
5,1,4f

ilASUC 14 usErts
err Nor St

314

42.2'

671/48 9004 1251421 151940 ; 1691138 204647.

426110 652/111 1104161' 1279111 158946 189541
slue tiii 42.2' 575/40 792/47 . 1121/45 , 1397/47 i 1733/44 190641
Boston 42 4' 474/55 709013 101540 13251411 1819147 Islam
Lnrwr 42 5' 43531 770/401 1100401 1453/45 1574/45 1913411
Na,:k 42 3' 56047 855/42 ' 1202141 144141 1443/39 1506/4 1

MIC NtOAN I
42-2 41710 610/14 .999/51 13161411 1, 171644 1845/42

East 1.4,s,g 42 7 443/57 , 774/47 113644 , 13231411 j 171041 1 201636
F lint 43 0' 383113 636/6 95133 1339/41 165714 1112/44 ;

211n4 Rap.lii 42 II 369414 645511 1014/41 141146 1754242 ' 1485131
Lansnq 421 49453 78541 113644 132041 11311/36 2031117
Saui, St Marl* 46 5' 32543 ; 603/54 I 102641 1362/45 163744 410/44
1°,64164 v

MINNESOTA
487 311147 567/61 , 100044 1404441 172644 151140

Du,,tn 388155 873.47 1034,45 137214 1631,61 1766145
Inlefnal Falls 44111' 35654 66241 1045/41 ' 1442/41 171542 1652142
k4 on SI Pa 44 9' 44 SO 163.45 1102114 144044 1736,42 1927 40
Roctmster 43.r 47841 752/47 101146 140946 1694141 1400041
SI Cloud 41 IV 12731 12531 1349121 I 155940 1639/311 1994/38

111SSI14III141
Jackson 321* 75341 102646 136542 I 1707/311 1940/32 2023/37

32 3* 1092147 .1327/44 I 1661141,, 165440 1961441
MISSOURI ,

Columbia 34 0' 61 47 I 117448 1525144 1671139 ; 304546
Kat,141, C.t 311 6411 45 I 1202144 1574/41 187111 201646
St Lcu,,s 38.7* 62141 SIM 1204141 1563142 1870436 . 2011/311
Swingfisid 37 2' 64344 92544 123546 1003742 16811311 2074/31

MONTANA
15illings 461' 404,44 , 763142 1189138

?.. ,

152540 1912/37 21-72132
Dtlion 452' 52644 145137 1271/33 1035441 194434 2142/3
G,asgovr 41.2 38730 571141 110431 , 1487/40 I 1124/341 , 2046t37 ,

Great F &Hs 47 fl 42041 719442 14947 141740 184748 , 210034 .
H44144,4 4 O. 4 I 941 70445 114549 148641

I
459138 ; 2031/37

Low/ston 470 42040 I 111921411 1112113$ 1443142 I 110640 205648
Nlims Cty 457,47 1 74942 114447 1541/311 1894/37 ; 214933
Missoula 41 31243 57446 961/47 3312/45 1781/41 : 1932740
Summt ASV 45042 59740 416/46 1 152636 1703/44 ' 111744

NEBRASKA
1

Grand liland I 4131 460/41 ! 11740 12114/341 1692/37 197105 , 2241/30
Lincoln 300731 940111 1779/311 155141 1629140 20091311
Norin Oman. 41 4' 63342 89141 122141 , 155141 117115 1 2124/34
North Piat 41 1 69211 1 951/311., 1332/35 ' 172344 1967134 1 126540
Scotts Blutf

NEVADA
41111* 67516

1, 950737 1301437 I 1667137 193247 2235/31
1

I

EIko 40 I
fiasen

103633 146210 11196211 2302/24 1 253221
Ely 3143' 81912 11407301 1605/25 20_ 06/25 1 2309124 ' 2511.22

.. .,__ , _I_ _______1_

7"\\
1 k./

ot

Au&

1937131 63111 1356/40
2075/33 115134 1500/34
205714 1604/31 , 1453131

1919131 1734/311 140341
178644 1593144 1272/45
1805,42 1642141 I 1323144
165141 166340 i 1240144

197617 1696/31 , 1353/46
2096/33 1826/34 143317
2083/33 183233 1404/37
2120/32 18.44/33 142047

1

2294/27 206621 1566/21
1957131 1113631 1512131
2127132 1901132 1515/31
2231/4 2031127 1616/30

247021 2016/21 147117
449/41 1145141 1311/42
113641 1679141 131042

174645 167442 463/42
1747/42 1657944 1414/42
1812142 1715/41 1513/41
2072133 11117134 1530141

174144 1486141
165647 144047

1996131 17211311
1822142
1902/34

190249 1622/41 ; 1217161
1643141 1800/40 129940
174441 146947 ; 125144
198747 1556/44 I 1253/44
1191440 1645131 1323141

1

1834/4i 157644 1252141
1911/7 171631 1375/31
1795/42 155444 1195141
1913n1 1675440 1261/44
200046 1773/38 1390/31
1113641 1522/44 104910

OIL
111.14

995/40 594n0 432151
110E134 68245 512/0
106711 171/47 490/54

1087/40 66240 491967
92661 516/51 369611.
977/46 579/11 41712
209111 49751 36341

-527/61101031 419141
1067/37, 453141 4417/50
1010/37 600147 443/11
1031/37 642/45 41910

130026 SEM 732736
107711 S37/34 57944
11413111 771141 513/47
1249130 GRAS 490/411

1166/1 516/0 200773
1043/42 06711 4051SI
1042/42 Nal asap

'1301/341 11446 73541
131034 916/47 706014
1334/37 97244 771/41
1311/31 896146 730/48

662/53 30312 311/57
822/441 45944 I 303441

1064/31 8117/47 571/61
911744 680/46 499/66

100773S 745/44 600/41

1122744 59441 45743
916/46 56344) 476/60
11119/44 503/67 40967
852/41 49047 36943
96249 542014 494/44

875/4Z 473411 34344
94042 5431141 314117
82949 421142 3011.N
6511/47 44640 311/111

951141 510/14 413441
67344 331/114 25346
754/61 37744 254140

725/60 380541 291/0
70448 34540 27144
859/44 48044 35347
889141 49441 37044
138441 53447 453/44

127113$
125744

601/46
896/41

70644,
69911

1100/38 703/47 522)53
1092111 737144 561145
109731 711/46 53013
114314 775/46 102/441

Sitv33 561/44 421147
1022,32 601141 45045
87747 47446 33310
124/34 49944 33943
925/37 52146 34441
104/37 502/47 34340
1160/4 55044 391847
812/44 401147 26744
79442 376/57 211048

123733 731140 56144
7pra 634/36

104936 644/47 51141
11 mix, 759/36
1145/31 723/34

605,40
i75/41

(32222 81234 f 1640
1407121 925/21 722134

1093/61
1157/47 ,

1411/40
159544 1330/44
16112/40 , 1463/31

1201,111 160541 I 1165/44

1153140 1548/42 '1011544
1120131 161631 1121141
1969,37 1656111 1254,42
1937135 1661/40 125044
204434 1110733 13271341

1907/31 171039 1506/40
162241 173440 1453/44

211442 187443 144938
2104133 166244 1451136
204/14 1516730 145/140
2061/34 1872/34 14/434

2362/23 2021725 140/31
2391133 2022725 1520721
2192721 1082730 1339/34
2327125 1932/211 1377133
233341 1921720 1412/33
221647 '190340 137144
2298/27 197927 1443/1
2320721 14e0/30 1957/S
2C45/33 46010 130546

221621 193611 1501114
117947 ¶ 673133 151
210633 1857/33 1372/

275/211 196434 1564/31
221201 191021 154311

2621111 1 2314/14 1591,11
244542 . 2229/21 1934/111

1.._____ _i__



ASSIGNMENT SHEET #1

INSOLATION AND PERCENT DIFFUSE TABLES, CO TINUED
BTU per ft per day 1% DIFFUSE
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COW LK Mr Feb Mar kw , May me 440 AUg Sept Oet ' Nov 001.

LOS Alas
Lovelock
Reno
Tonopah
Winnemucca

um HAMPSHIRE
Concord

. NOW JERSEY
Atiantic City 4
Laketiarst "
Newark %

Trenton .
NEW Nalco

Albuquemue
Farmington
Roswell .
Zuni

um YORK
Albany
Binghamton -
Durtalo

,14h1411
.../ Mumma

Now York
Rochester

. Schenectady .
Syracuse

NORTH CAROUNA I
AsitevIlie '11414.4

Cale H1tteria.
Charlotte
Cherry Point
Greensboro
Rekligh
PleiMpltOurhem

NORTH DAKOTA
114ernmck
Farpo
Minot

OHIO
Akron
Cleveland

. Columbus
I Gaylen ,

16464n4ay
Toledo
YounwPown.

OKLAHOMA
Oldahoma city
114,111weler .
Tulsa ..

ORICION
Astoria
SUM
Camille*
Medford
North Send
Pendleton
Portland
Redmond
Wein

PINNSYLVAOHA
Altentown
Moca
Erle .

Harnsburg
PhiledeMMa
114411144914

souk cows.
MOON ISLAND

Newport
Providence

SOUTH CAROUNA

ati=an
Grwele.4151443

SOUTH DAKOTA
Huren
/1em

al
Mir
311Ial
N1

or
SU*
010.5
4111.7*V
3U
3117.*VIlll

AL7 '
113
NW
SIC
44.1

91A*
a5 *

&Vsu
Wli .
at 1*Krsir
4i

411161
/14.2

40.5
41A
MD*
KW
45.1*
411
41.3*

311.41-aller
KSd
44.11
4I4
4114

415.1
41.11*
44.3
40'
MI1*
41.3
*1'
122 *
111.11

414.11

91S*

41.4
41.7*

91a
/1611
1/4.4

444
444

swas
503/31
10013$
suns
4110/311

455/16

562145
55543
551/61
MN

1014211
144/26

104430
1116/30

502/63
35244
344115
460167
43144
50046
36448
4

721/41
104141
71441
755/47
715147
1613/41
33/42

4.7I45
41541
318)51

,

42442
MISS
45540
416114
442/68
43540
358/56

_1100/42
153/44

731144

31444
41041
500148
40742
4346?
341712
31048
410145
332111

52744
454111
34540

42
51246

571/45/'
SOW

74440
761/41
7211/411

41111141

52446

..

13343
1185127
114421
1273123
1027133

$ sostbs

940/41
71441
753/41
500142

1341131
120046
1372/27
1295/31

746
573143
543
741411
1102/411

72044
51042
741/48
57140

870/41
05214?
870041

1024/44
865/45
142/4?

1043/41

77541
705141
655141

6411411

101410
87457
725/66
73441
4141045

5811/02

1054/41
1054/40
23142

545/58
792/45
73047
73740
70440
51344
5544$
774/41
56747

76341
4811/61
57742
77041
711410
62545
745151

4

13244
73041

111547
1020045
112104t

74414M
3442

32248
125542
154423
173115
1471/10

97341

1419133
110441
1108/47
1254/40

171423
1142724
150423
11416/27

1104145
14041
SWIM

104041
1055144
1035/10
00345.

101040
PIM

1305/42
1325141
131442
13116/15

1312/41,
1275/44_
13345

11511138

10117/41
1043142

5
5

1025411
1077141
19641
68417

1399/35
1430137
1305442

54444
118440
1027747

,3132141
1058147
1043441
80544

1100131
947141

1075/44
11111/13

11111111

1062141
1105/411
542153

10151411

1217/41
103140

1334
*354/41
1320/41

11344
1205138

2311/15
234/15
2158120
2250115
195421

1314411

1513/40
1455141
1448/41
1563141

222730
2132/22
221541
2165122

1411342
124113
1314141
1253/51
1500141
136341
133445
125341
1323115/

16410/40
1773136
1204411
1711136
11182138

1643/40
1710/30

145442
1475/41
14110/41

136441
134441
1352/48
1402141
13601441

134346
427641

1724/311

1611/34
302141

125240
144437
1317141
113146
150142
'1501/41
1307145
16412/34
130447

1401147
1333/441
1351046
1410147
1433147

- 13340
137941

1452/41
73113 '1684411

1731/35
1745/37
1697131

1521140
161341

264444
2553/18
2521/15
257415
2360/23

1581141

117/41
4671,41
15116146
1610141

2537/18
2450/21
2454121
2472120

172042
149341
1 514/41
1721/44
150440
1136/47
1105147
152640
1577/41

1003/41
11111013?

1854/40
1123/31
1167130
3107/41
16105/35

154745
11133/35
1545/11

1114714(
148041
1444411
160946
1021140
1715144
1545/41

31745
.351/40
32111

1607/47
2051132
37146
2032133
14511
1924/37
1562/41
2074141
171642

1236/47
1509141
1145141
1161146
165048
140143
131/44

1603141

11159140

39340
111311/311

1870138
1265441

236/13
2747/16
2700116
278643
255420

170447

211244
1773/41
1794/46
2013138

2677/10'243741
2144/1
2601116

I 2200/15

195048
1680/48
1506144
1917/31
2006441
170147
1516144
1555/45
1777/41

185442
2033137
1 40
1 035
195240
1$113/42
10240

2050135
119346
1573/35

1113W44
11142142

1611144
1572142
325738
11177141

175441

2142/33
2186/32
20347

1625/45
227131
1132/44
22761211

1923/3111

2143133
1772/46
221641
1647142

1776143
1756411
1641/42
180344
1810144
176146
2006/36

1983438
i 774/45

1843142
194431
111440

2100134
2193/32

2517116
2762/12
2190114
270144
2576/14

1673/47

2054133
1702145
1751144
1991/37

2477/21
243022
226348

1957137
165447
1776/44
1972/37
118717
154441
1710/44
1637141
175744

1775/44
1119131
1430441
162441
1162)40
177444
203438

2112/30
2119/32
2017/32

1756144
, 1226/41

1754/45
'110242
2090/33
164441
1733/45

2127132
2156130
202142

1745/44
2459/21
i 77044
2473121
2106132
239433
203434
2444/22
2141131

1764/44
174446
i 13241
1762/44
1757/44
1689/441
1947/35

1117/31
1604/441

179442
1840141

1530140

2161/30
2277127

2353118
2482;12
2404111
2437114
2347/18

1455/47

1755/36
331441
156446
1729130

2269/21
2251/21
2240123
2077128

1899/31
1424/48
153141
1892135
161745
1462/47
1516148
1471/47
1502411

162644
1705/41
1694141
123344
1865141
1510/44
1773/35

1176/31
1144/32
1719/32

159544
151141
164042
144441
1102112
1515142
1504411

104942
1992/30
364/34

149645
2012124
1613140
2120124
1715/31
1993/27
1672/311
2068/24
177345

1545/45
1512141
145443
1550/45
1574/45
1510/411
167440

165541
1495047

1584141
1701/41
1699/40

1891/31
1991/25

2036118
2026/12
1996/14
2041114
1906/15

113941

144548
1260411
1272/42
143441

1971/20
11133130

1912123
1893/23

13164*
1131/48
11511411

1312141
1215741
1213/47
11591441

110443
11651441

1360/45
1470/40
1415142
1433142
1417/41
1376/44
1463/40

1353135
130341
1276/31

127141
1239/441
1,1111016

1717/44
147144
1275144
11931411

1553/37
1677131
14711311

1123/45
1219127
131040
151421
1376131
1503/30
1256/44
1583125
1328131

1237411
1196147
1200/47
1265/45
1210141
120441
1331/42

140141
1201147

1393445
1438/42
140542

1417134
1495/31

153418
1450/15
143018
1520/15
1321/22

616140

1163/37
95546
950/45

106431

154540
1475/21

526123
415/23

916/44
77463
71416t
914/45
6301411

885/41
71111
IMO
777161

/141540
113641
1173131.
1189140
114040
1104/42
1185/38

90741
57445
849/35

107147
1661411

940/41
95941

1067/34
910148
651/411

1232/31
126431
11631311

712/51
1042/34

989/31
985140
692/44
906131
723/51
99945
715940

9251411
89647
827150
933/411
928/45
69541

101440

1006441
106/46

119241
1211/35
1100/34

968)37
1051/32

'
1065/3

929127
911/30

1030/24
00944

452/51

77440
621/51
59641
71942

1 i 33/24
104647
113140
1087/28

525414
41441
403014
46140
44147
533/67
40344
476113
398/15

64442
573/41
865142
906140
531/42
812/41
115/38

50747
45741
439150

/505411
46642
537/57
56441
57451
4911114

45643

901/31
447/34
127/42

31740
59141
51445
504154
524/53
43844
36742
571/47
41040

56844
49041
416/56
57944
619151
50455
571164

64548
537/55

933,111

920/40
880/40

57745
62141

110130
714132
705/34
826/21
616/31

36240

548146
47541
45444
571/41

1927/25 '
837/31
951131
892/31

39457
29741
2434
38542
33040
40340
261418
363/14
26548

65745
859148
27240
71441
551/47
635148
71442

372145
337/54
31044

35341
31144
38744
407152
4011411

355414
31541

725/44 ,

752/40
559/47

?
2.1/114
431/51
432/45
33646
35041
29243
260/87
424/50
27746

43048
35463
277/71
447/57
470154
346415
442/57

520/43
418/57

720/43
72147
67048

40543
442 441
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-ASSIGNMENT SHEET #1

INSOLATION AND PERCENT DIFFUSE TABLES;-pONTINUED
BTU per ft. per day/% DIFFUSE

Cey Let r Fib Mal Ax May June July Aug Slot Oct
.._

Noy

I/
Rapid City 44 1 542/45 626141 1228/38 1568138 1655138 2130133 2222/21 1961/21 1517/31 1063132 646140 -4761411

, S,ouk Falls 43 8 532/47 801144 1152/42 1542/40 1892/34 2045134 2149131 1643133 140934 1005137 607/46 44 vim
TENNESSEE

, Chattanooga 36.0 , 630/53 ,35953 1176144 154944 1730/44 1430/42 , 1734145 1629144 1335/46 1104142 772/411 54046
Mmph.s 36 0' ' 682/51 944/44 1277/44 1636/4.1 1314136 2043/37 1971137 1523/37 1470/40 1204/38 616/411 62441

Nashyl.le 36 0' 60144 882154 1,88/54 1638/4I 1911/46 2061/43 2033143 164944 1561144 1199146 408157 60940
Oak F1,c19 36 0' 612/55 677/50 1202/47 1648440 1096/31 2009134 1921134 1755134 1537137 11'76/38 778147 593163

TEXAS ' ,

nAboee 32 4' 973/40 1182/36 1575/33 1842/34 2036/34 2208131 213 8/32 195932 1596/37 1311311 100714 113139

Amarillo 38 2' 9110/31 1242/31 1630124 2017/27 22101211 2392/21 227928 2102/27 1,159/24 1403/29 1032/31 671132

Bit/ Spring 32 2' 988/36 1268733 1718/28 212923 2109132 218641 2035134 172941 1921123 1423130 1073133 95133
8rowns.iiis 25 9' 912750 1135147 1456142 173640 1124/34 2114132 2211124 2021131 1692/37 1434137 1054/46 116240

Corpus Christi 27 4I 69746 1146145 f 1437/4i 1641/42- 1665134 2092133 2144/30 1161132 1666134 1.415/36 1072/42 644/44

Dallas 32 8' 521144 1071/44 1421 iar 1626142 1887139 2134/33 2120/32 1944133 01566137 _127547 93941 774/46

El Paso 31 Il 1124128 '1479123 1908/20 2362118 2599118 2640/18 2449122 .226342 14116122 1638121 1243/24 10301211

Fort Worth 32 8 SW47 1A,63/44 1401/40 1810/42 1542/34 214543 2146131 1972/32 1610138 , 1271/37 1121142 757346

HOuston 30 0' 7143 1834144 1296/47 1522/47 177942 1897140 1827141 1645342 147042 1275140 924/47 721111

Kingsville 27 5' 91 116143 1434/42 1662/42 166344 203546 2110732 1921/34 1624/34 1349/37 1034/44 1141144

Lubbock 33 er 10 1331121 1781/24 2166122 2394/22 2543121 2410723 2207/24 181947 1447127 111924 ,' $34/31

LAM ..= .312' 793lI 1068/46 1375/42 1623142 166940 ' 2054/34 2005/34 11162138 1529140 1348/36 962/42 767146

Midland 31 9 I 1382/21 1636/23 2191122 2429121 2561120 2364123 2206/24 1843/21 1521127 117928 $911131

POrt A rthur 2119' 1070/47 1353145 1609144 1889139 2009/37 1645/41 1735/41 1526141 1321138 1152/46 754141

San Angelo 31 4 ' 951/34 1207138 1605133 1149/34 2030134 2185/31 2121/32 191542 140647 133646 1043/37 894/38

San Antonio 21 6' 60946 1154/41 1449/41 1411144 1893/34 208444 2120132 1148/33 163137 134117 100442 446148

Waco 31 9' 632/47 1095144 1427/40 1611/42 177942 2111133 2129134 1457133 1600137 1301/37 1151/42 1102/46

Wichita Falls. 34 0' 561/41 1122131 147147 1762/37 2016134 2220131 2165131 114842 1601/34 1291/34 1154138 79941

UTAH (
Cedar Coy 37 7' 481131 1179130 163445 2091/23 2466120 2704/111 2502/20 2240121 1967114 1454121 94241 745133

Salt Lake City 401' 63844 98937 1453/30 1693121 2361/23 2559/21 2519111 2252120 1642120 1293/24 7473311 570/46

VERMONT'
4

Burlington 44 5* 425/56 67151A 1065114 144144 1766141 194934 1950138 1672/311 1264141 834144 433/54 32043
VIRGINIA

./

Mt Weather 3111' 63148 1010/38 1246142 1526144 1673/39 193940 1660140 158944 1382/42 1036/41 745/44' 819144

Norfolk 31 9 678149 932411 1280/42 1676/34 1646134 199938 1652141 4679141 13115141 1042141 811/41 623/44

Richmond 37 6 631150 87644 1210145 1565142 1761/42 1871/42 3773/44 1594144 1347/44 1032144 733/47 546151

Roanoke 37 3' 66044 899/47 123945 1561/42 1763142 1481/41 179542 1111944 1357/44 104041 764/45 51050
WASHINGTON \ .

Olympia 47 0' 76111 503/0 '644/55 1255/50 1631/44 1892/47 1912139 154142 115145 636154 33964 221114

Pr ossar 442* 431/50 618/37 1204/31 3921124 2271124 2507122 2604018 22271111 1689/20 11310131 501/44 3E4411

Pullman 46.7' 453/47 671/44 109941 166133 1994133 2629121 2603116 2035/24 1576/24 944/34 542/44 354163

RIChlind , 411 3' 317/64 741/44 1226/34 1721132 1902/37 2385126 2124/32 221914 1430132 1411/42 457/59 365/61

Seam. 47.4 ' 288165 501154 973/47 1460/41 1847/34 192141 2090132 166938 120941 697/51 391157 23647

Spokane 47 7 314112 606/51 1010/44 1494140 1917/36 20112/34 2355/24 1941129 1434/31 440140 39746 255114

Tacoma 47 2* 26244 49540 649/54 1293/44 173/42 1801/44 2246/28 161940 114645 656/54 33744 211/1

Wn,ora., is 411 3' 29345 532/55 917/50 1345145 1760140 1820145 1981/35 1502/40 1173140 655/63 35740 23347

WEST VIRGINIA
Charleston 31 4. 49844 1009/54 1355/54 163947 1774145 1682/47 1514147 1272/44 971/44 61346 44042

Parkersburg , 31 3' 52748 745/5 1113/44 1397/44 1795141 199444 1931/36 176447 1453/34 1047/41 616153 467/66

WISCONSIN
Eau Claire 449' - 452/53 74648 106944 142945 1480/45 1670/42 1555140 161941 1116145 426144 450/57 341164

Greer, Eta i 44 5' 451/53 72946 1103/44 1438144 1718/44 1106/41 1467139 1621/41 121744 52047 4e5i54 350164

La Crosse 43 9' 481/S1 764148 1103145 1426145 1712/44 110141 11194139 186940 1242/44 691411 . 494/55 389/88

Madison 43 1' 1950 803/45 1135/44 1397/44 1742/42 1947/40 1933/34 1707/38 1299141 910/44 504/16 381157

Milwaukee 42 9' 479154 736/49 1088411 1441/45 176742 19761311 1960136 1716136 1304141 90744 524/64 37169

WYOMING _ .
Cospor 42 9' 682/34 1013130 144112$ 1846/21 2202129 2500122 2533119 222120 1749121 1218124 714132 513119

Chyermel 41 1 76931 1067/30 1432/31 1769133 1994/34 2257/30 2229/29 196930 1661/27 1241127 822/32 671133

Lancrer - 42 V 648/19 1183/15 1652118 203922 2156721 246923 2349/23 2134/23 1711123 1312114 87923 726/22

Laram,e 41 3' 626/25 1099/28 1563/24 1836131 2020133 2311121 2156/30 1939331 1548132 1178/30 1137131 675/32

Ro I. '11.0 ,SP, 4 1 111. 134.33 1087925 1530125 1943/27 2343123 2573/20 2546115 2238120 1532114 1305/22 62641 650334

Sheridan 44 1 517145 767/42 1204/31 1537/40 1882131 215937 2327125 2005127 1501374,1 1005/34 590144 441147

ALBERTA
Edmonton 53111 328134 649/32 150128 1522/34 1676/36 169141 193937 150841 109940 693/34 409134 245/44

lelhond9e 49 6' 7741 1253721 1548/37 1917134 2138133 2249128 1917128 1364131 84933 518/37 3321411

BRITISH COLUMIMA
yanrunef 44 0'

C.4.41.2./.3....6

68942 I 2641411 172942 1777145 2009334 146745 92934 590/511 35048 20647280183 1/67

MANITOBA

9

511 7'
49 9'

240121
483/31

553/23 1124/16
829/27 133923

1640/24
161933

1880/33
1880137

1954134
193940

1862135
2094/32

1401/42
1740134

62949
1179/41

424153
756142

2/145
43946

1129142

33944

NEW BRUNSWICK
Mon,- Inn 411 1' 369/58 664/51 1069114 1401,45 1622/44 165948 1733/15 1512/45 1143114 774/411 40956 332/57

NEWFOUNOLAN0 ..

St Johns 47 5' 29964 553/91 815/51 1180/3 147950 158950 1622146 1253/54 1032/50 627/54 295/67 25844

ONTARIO *
1

Otta.sa , 45 4.. 531:42 841/37 1235/34 1486111 1632134 2057/34 201648 1729/37 1309/34 815144 453/55 402/50

S47...roras.ng 44 4' 405/45 100139 114334 136414S 1512,44 177014$ 1770/42 1475145 995/50 590154 29544. 295157

43 7' 446/55 68210'1077j48 1312147 176241 1917140 1943/38 1600/42 126842 62648 453/58 350160

OUEIEC
Wel. e e 45 5 ' 405,54 71745 i 180311 1435/42 1733/42 11506;44 1880140 1622/40 1143/47 737151 359/64 29963

414,



ASSIGNMENT SHEET #1

COLLECTOR T j_T FACTORS

LATITUDE JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV_ DEC

COLLECTOR
TILT =

LAT. - 15

24

32

40
48

H3
1 34

1 67

2 18

1 09

1 24

1 41

1 64

104
1 11

1 21

I 51

100
0 99

1 01

- 1 10

0 97

0 93

0 90

0 96

096
0 94

0 90

0 80

097
0 92

0 89

0 95

100
+..

0 98

1 02

1 08

I 04
1 11

1 21

1 43

110
1 28

1 42

1 73

1 12

1 34

1 73

2 216

115
1 42

1 76

2 56
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ASSIGNMENT SHEET #1

STUDENI WORKSHEET
CDA SUN-CHART CALCULATION WORKSHEET

JOB COLLECTOR TYPE
LOCATION COLLECTOR TILT
LATITUDE APPLICATION

.

0 B c 0 E F G H J K

.

I. RESULT

1

c

COLLECTOR
HEAT GAIN

FACTOR
(TABLE 8)
OR MFG S

LIT

COLLECTOR
HEAT LOSS

FACTOR
(TABLE 8)
OR MFG S

LIT

AVERAGE
DAYTIME

AIR
TEMPERA

TURE F

HORIZONTAL
SOL AR

ENERGY
(FROM
TABLESI

APPENDIX B

COLLECTOR
TILT FACTOR

(FROM IABLEI
APPENDIX C

.

INCIDENT
ENERGY

F D x E

COLLECTOR
INLET

TEMPERA
TURE

T ABU 91
F

ti
COLUMN G
COLUMN C

F

J

130H J
K T

L IS
FOUND FROM

FTGURE 41
USING X

TOTAL
ENERGY

COLLECTED
=Fxl.

EITU SO
FT DAY

-JANUARY,
. -...

FEBRUARY \

MARCH
r.

APRIL
.

,

MAY .

JUNE
rr

.

JULY c
0

/ A .

AUGUST
li

. .

.

.
..

SEPTEMBER
,

OCTOBER

NOVEMBER
, -

.

.

a,

DECEMBER
_ -

...
,

.

VVorkshimPts are avertable upon request from Copper Development Assn Inc

"N
Courtesy Copper Development Association Inc.

1 n
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ASSIGNMENT SHEET #2

Step 4: Find the combined space and water heating requirement for the month Of March;
in the completed worksheet, this figure is 275,200 Btu/day

(NOTE: This figure must be interpolated from the chart in Figure 1, Assignment
Sheet #2.)

Step 5: Make a preliminary estimate of required collector area by dMding 544 into
275,200; the answer is about 500 square feet

Step 6: Make a numerical check of estimated collector area by dividing the total solar
heat collected (1,715,720 Btu from the chart in Figure 1) by the annual heat
requirement (2,188,920 from the chart in Figure 1).

Example: In any month, only that portion of the collectable energy which
can be applied to the loadjs considered; in May when only 68,950
Btu/day are required, only this portion of the available solar heat
is applied to the !bad

For the sample Nashville application, the estimated collector area of 500 square
feet would supply 78% of the annual load (see the chart in Figure 1). Since this is
higher than desired, an adjusted collector area of 400 feet should be considered.
This yields a result of 68% of the total load supplied by solar energy, and is
consistent with the recommended guidelines of 60 to 70 percent. Another trail
can be made using 350 square feet of collector area. This yields 62% of the annual
heating requirement, so the collector selected should be between 350 and 400

_
square feet

.4

1 i)I. A li/

_
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ASSIGNMENT SHEET #2

Step 7: Check your calculations by drawing a graph to show the amount of useful solar
heat produced by the square footage of the collector area; in the example in
Figure 2, this availability of useful solar hea1lis indicated by the shaded area and is
based on 350 square feet of collector area ir

FIGURE 2

TOTAL SPACE ANO 0 H W HEATING REQUIREMENT

... CALCULATED COLLECTOR PRODUCTION (a50 SQ FT OF COLLECTOR)

Es3 USEFUL COLLECTOR PROOUCTION

450

400

350

300

250

200

150

100

50\\\ \
0 \ \\\ \\

-MONTH

Courtesy Copper Development Association Inc.
Assignment: Refer to the worksheet you completed in Assignment Sheet #1 and size a
collector for the application assigned for that activity; interpolate from the chart in Figure 1
as required or make new entries for Btu/day requirements as your personal worksheet
dictates; sketch a graph to check your calculations and model it after-the graph in Figure 2.

//
"1'1\

/ t
.

/ \
k...-'"...../ \. ,
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LOAD CALCULATIONS AND SOLAR COOLING
C.

1. Match the terms on the rig

UNIT III

NAME

TEST

t with-their correct definitiOns.

a. British thermal unit; the amount of heat 1. Psychometrics
required to raise 'the temperature of one
pound of water one degree Fahrenheit 2. R-value

b. British thermal units per hour; unit used to 3. Load
express hourly heat flow

4. Heat loss
c. The air temperature as measured by an

ordinary thermometer 5. Btuh

d. The air temperature as measured by a ther- 6. Dry-bulb
mometer whose bulb is covered with a wet temperature
cloth or wet wick and moved in air that hasa

, velocity of one thousand feet per minute 7. Cfm

e. The amount of heat lost through all building
floors, doors, and windoWs

8. Nomogram
. surfaces, walls,

exposed to outdoors or to adjoining spaces 9. Refrigerant
with different temperatures

10. Wet-bulb
f. The. amount of heat gained through all temperature

walls, floors, doors, andbuilding surfaces,
windows exposed to outdocirs or from ad-
joining spaces with different temperatures

11. Absorbent

12. Heat gain
g. The total heat loss and heat gain of struc-

Btuh; this.-calculati9PMs usedture expressed in
to size heating and

h. Controlled air

cooling equipmpfit

brought into a structure

i. Uncontrolled air that leaks into a structure

j. The amount pf water vapor or moisture that is
present in the atmosphere or any material

k. The percentage of moisture in the air com-
pared to the total amdunt af moisture the air
could hold at the same temperature and
barometric pressure

I. The science of measuring and changing the
properties of air

RS-151
4.
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m. The science of heating and cooling with 13.

14.

15.

16.

17.

18.

19.

Ton of
refrigeration

Ventilation

Hydronics

Humidity

Btu

Relative
humidity',

Infiltration

, -
. liquids

,

-
n. A chart which can be used with a straightedge

to determine the square footage requirements
of a collector .

,

o. A substance used in refrigerating mechanisms
.7: to absorb heat in the evaporator

17! A liquid which combines chemically with
a refrigerant and causes heat to be-released in
the process of combination

q. The rating given to a material's ability to
resist heat transfer .

r. Cubic feet per minute

s. A refrigerating effect equal ro 12,000 Btuh

t. The component in an absorption cooling
unit which absorbs heat from the circulating
water supply

2. Solve the following problem concerning considerations for
ments for solar water heating: An application for a solar hot
have a water- supply from a deep well; will this make the
temperature of the inlet water supply easier or more difficult,

r

20. Chiller

,

establishingheat require-
water heating system will
task of determining the
and why?

4,

3. Solve the following problem concerning the concept of degree days and its formula:-
The mean temperature on a given day, is 47*F; what would be the number of degree

days for this specific Calendar day? ,

4. Solve the following problem concerning the concept of the degree day adjustment
factor and its application: If the heating requirement for a given solar system appli-
cation has been established at 28,000 Btuh, and the degree day adjustment factor has
been established at 1.7, what would the adjusted heating requirements be?

t
5. Solve the following problem concerning the sun-chart worksheet and its a 'cations:

Use of the sun-chart worksheet assumes certain characteristics of a solar system;
does one of those assumptions state that the collector must be an air-to-air type?

i
........1.1.-7-1-.....s.
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6. Solve the following problem concerning the procedure for collector sizing: As a rule. .

*of thUmb, wtiat is a quick way to size a collector for a domestic hot water system?

7. Select true statements concerning rules of thumb for solar refrigeration systems by
placing an "X" in the appropriate blanks.

a. Since refrigeratiob systems affect cooling by removing water from the
air as it comes in contact with a cold, refrigerated surface, conventional e
vapor-compressor cooling systems using electric motors are adaptable
to systems using solar energy

, .
b. -Absorption systems are not adaptable to systems using solar energy

c. For economic reasons, the absorption systems appear to be the most
usable in solar systems

1

_d. Absorption systems currently available include:........,

1. LithiuM-bromide-water units

2. Water-ammonia absorption units

-e. Water-ammonia absorption units are more commercially available than
other types of units

.

8. Complete the following list of statements concerning
.
basic concepts of solar cooling

with absorption systans.
,

a. Absorption systems are similar in principle to an ordinary, electrically operated
vapor-Compression ,

b. Instead of a refrigerant like Freon in a conventional air conditioner, inorganic
refrigerants, such as , are used in an absorption machine
together with an absorbent

c. An absorbent is a liquid which combirles chemically with the
and releases heat from-the fluid mixture in the combination process

d. In a lithium-bromide-water unit, water is the refrigerant and the lithium-bromide
is the

mi

In an ammonia-water unit, ammonia is the refrigerant and water is the absorbent

9. Match the types of lithiurn.bromide-water units on the right with their characteristics.

a. Cools air which contacts the cooling coils 1. Water chiller

b. CoOls water which contacts the cooling 2. Air chiller
coils

-

1

-
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10. Select true statements concerning operating principles of an absorption air condition-
er by placing an "X" in the appropriate blanks.

a. The cycle begins when water in the liquid mixture in the generator is boiled
off and superheated with solar energy at a temperature between 170 and
210°F

h. The superheated water vapor panes from the generator to the condenser
where it is cooled to about 100F by the cooling water from an outdoor
coo li ng tower-c. The vapor condenses to a liquid and is then revaporized through afi expan
sion valve which cools the vapor-liquid mixture to a temperature of 100F
in the evaporatorcoils

d. The heat in the room air or water which is brought in contact with the
evaporator is removed by the cooled refrigerant in the evaporator

e. The refrigerant then passes to the absorber where it recombines with*
the concentrated ammonia solution from the generator at a temperature
of about 100F

f. In this recombination process, refrigerant is released and the water is
removed by the cooling water from the cooling tower

g. The dilute solution of lithium-bromide and water in the absorber flows
by gravity, or is pumped back to the generator, and the cycle is repeated

., h. Some ammonia-water systems use a recouperator as a heat exchanger
to make thesystem thermodynamically more efficient

11. Circle tloswords which best complete the following statements concerning syster
flow in a water chiller application.

a. The absorption chiller should be situated (away from, close to) the hot water
storage tank to minimize heat loss from the pipelines connected to the tank-

0,
b. Hot water from the top of the storage tank is pumped through the (generator,

condenser) by pump (P-2) and returntd to the bottom of the tank; note that the
piping connection goes through the aiialiary boiler

c. When the (water, temperature) in the storage tank is insufficient to operate the
absorption chiller, the auxiliary boiler is used to provide heat to the generator

. 0

d. When the auxiliary boiler is used, the three-wey valve at Ihe. ttom of the aux-
iliary boiler circulates the return water only through the xiliary boiler so
that auxiliary energy (is, is not) used to heat 016 solar storage k

e. Pump size and head depend on the (flow, heat) rate and pressure loss through
the system and also the size and length of piping

f. A wet cooling tower is needed with the atisorption chiller to discharge the (water,
heat) from the condenser and the absorber to the atmosphere

,



..

0

..

1

9.

-

The (flow, stze) of the cooling tower depends on the size of the absorption
machine and the wet-bulb temperature of the ambient air

h. A pump (P-3) is needed to circulate the coolinglwater from the (towergen
ator) through the absorber and condenser of the absorption machine

RS-4165

i. Chilled water from the evaporator is circulated to the fan-coil unit to cool the air
in the (cooling tower, rooms)

12. Solve a -problem cOncerning evaporative cooling with rock-bed storage: Would you
recoMmend an evaporative cooling system with rock-bed storage for an application
in Phoenix, Arizona, and why or why not? .

13. Complete a sun-chart worksheeffor a specific solar application.

14. Size a solar collector for a combination DHW and space heating solar sysum.

(NOTE; If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

iL. 4 0r

,.

-

4

,
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LOAD CALCULATIONS AND SOLAR COOLING
o UNIT III

ANSWERS TO TEST

1. a. 17 k. 18
b. 5 I. 1

c. 6 m. ' 15
d. 10. n. 8
e. 4 o. 9
f. 12 p. 11
g. 3 4- 2
h. 14 r. 7 ..
I. 19 s. 13
j. 16 t. 20

..

(

, 2. Easier, because deep wells produce water at a relatively constant temperature;
3. 1811egree days

4. Somebody has made a mistake in calculating the degree day adjustment factor be-
cause it can never be more than 1.0, so the adjustment factor will have to be calcu-
lated again,

5. No .

6. Size it so that it supplies 100% of the heat requirements for the month of May

7. c,d
..

8. a. Air conditioner
b. Water and ammonia
c. Refrigerant
d. Absorbent

,

9. a. 2
b. 1

10. a, b, d, g

a. Close to f. Heat
b. Generator g. Size
c. Temperature h. Tower
d.
e.

Is not
Flow

I. Rooms

)

!

o

_

12. Yes, Phoenix is in a semi-arid region with cool night and low wet-bulb temperatures

13. Evaluated to the satisfaction of the instructor

14. Evaluated to the satisfaction of the instructor
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^SIVE SOLAR AND OTHER SOLAR CONCEPIS
UNIT IV

UNIT OBJEAFIVE

After contletion of this.unit, the student should be able to discuss features of passive solai
design, how these features can be used to complement each other, and tlif characteristics of
other passive solar concepts. The student should also be able to list the functions of corn-
ponents in a photovoltaic solar system, discuss basic rules for solar access planning, calculate
shadow patterns, orient and landscape a model house and lot for maximum solar-benefit,
and build and operate a solar still. This knowledge will be evidenced by correctly performing
the procedures outlined in the assignment and job sheets and by scoring 85 percent on the
unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

, 1. Match terms related to passive solar and other solar concepts with their correct
definitions.

ss- 2. Select true statements concerning orientation for natural ventilation.

3. Solve a problem concerning the importance of wall-roof ratios.

4: Complete a ,list of statements concerning ways to use atriums in passive solar
design.

5, Circle the wordi which best complete. statements concerning the uses of earth
berms in passive solar applicatiiins.

6. Complete a list of statements concerning entry locks and their uses in passive soNr
design.

7. Select true statements concerning greenhouses and their uses as entry locks
in passive solar design.

8. Solve a problem concerning wrndow shutters and their uses in passive solar
design.

9. List six passive solar design features that function to complement each other.

10. Mptch other passive solar Concepts with their characteristics.

11. Arrange in order the process for making photovoltaic solar cells.

12. State how a.photovoltaic solar cell works.

13. Match components of a photovoltaic system with their functions.

3 1
,



sp
14. Match terms concerning solar access with their definitions.

"IF

15. Complete a list of statements concerning solar azimuth and, its use in so,lar access
planning.

16. Select true statements concerning yspacs and its use in solar acceis planning.

17. Circle thS words which best comple e statements concerning rules of thumb
for planning solar\access.

" 18. Match basic levels of solar access with their requirements.

19. Select true statements congerning shadow patterns and their signifioance.

20. List three tree characteristics that must be considered in solar access planning.

21. Solve a, problem concerning topography andAs relation to solar skyspace.

-

22. Complete a list of statements 'concerning rtations and codes affSOting solar
applications.

23. Calculate the shadow pattern of a pole.

24. Demonstrate the ability to:

a. Orient a model house and landscape a model Ipt for maxiMum solar benefit.

b. Build and operate a solar ;till.

41
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PASSIVE SOLAR AND OTHER SOLAR CbNCEPTS
UNIT IV

SUGGESTED ACTIVITIES

I. Provide student with objective sheet.

II. Provide student with information, assignment, and job sheets.

III. Make transparencies.

IV. Discuss unit and specific objectives.

V. Discuss information and assignment sheets.

VI. Discuss and demonstrate the procedures outlined in the job sheets.

VII. Locate homes or businesses in your area that use passive solar concepts effectively,
and plan a field trip to two or three of the installations; earth-sheltered homes,
effective earth berms, ar cehrombe walls provide goodlubjects.

VIII. Invite a local or area building inspector to discuss building codes and regulations
that affect solar installations in your area.

IX. Have students investigate the status of solar access laws in your state and make
reports in class; local state.,representatives or state senators can usually,provide
this information.

X. Visit a local greenhouse or invite the owner of a local greenhouse to talk to the
class about the value of solar energy and how it affeats io the economics of
greenhouse operation.

Xl. Assign groups of students to report on other energy and conservation devices, con-
cepts, and techniques related to solar; such information is available from the
Conservation and Renewable Energy Inquiry and Referral Service, P. 0. Box
q900, Silver Springs, MD 20907; this organization also has a toll free telephone,
1-800-523-2929, to answer questions about energy and conservation; special
reports might include:

A. Wind energy

B. Photovoltaic energy

C. Bio-mass energy (w9od and other nonfossil fuels)
I.

D. Solar ponds

E. Hydro-electric energy

F. Ocean thermal energy

XII. Give test.

RS-161
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INSTRUCTIONAL MATERIALS

I. Included in this unit:

I A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Passive Solar Design with Complemary Features
,

2. TM 2--Photovoltaic SYstem

r

3. TM 3--Solar Skyspace Angles

D. Assignment Sheet #1--Calculate the Shadow Pattern of a Pole

r

1

1. Job Sheet #1--Orient a Model House and Landscape a Model Lot for
r.

Maximum Solar Benefit

2., Job Sheet #2--Build and Operate a Solar Still

F. Test

G. Answers to test.

II. References: o

t

A. Logan, Joe D. Solar Energy: Passive Systems. St. Louis, MO: Milliken
Publishing Co., 1980.

The American Planning Association. Protecting Solar Access for Residential
Development: A Guidebook for Planning.Officials. Washington, D.C. 20402:
U.S. Department of Housing and Urban Development and U.S. Department
of Energy, 1979. .

C. Solar Energy Project, General Solar Topics. Washington, D.C. 20402: U.S.
Departmentof Energy, 1979.

D. Soar Energy Project, Earth Science viti ashivon, D.C. 20402:
U.S. Department of Energy, 1979.

I' o

I, E. Solar Energy Project, Text. Washi n, D.C. 20402: U.S. Department of
Energy, 1979.

Solar Energy Research Institute. Phot. Itaics Solar Electric Power Systems.
Washington, D.C. 20402: U.S. Depart nt of Energy, 1980.
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

INFORMATION SHEET

I. Terms and definitions

A. Atrium--A hallway or small court usually used as an entry way

B. Earth bermEartfi placed around exterior walls to provide protection from
extreme temperature changes, heavy winds, and air infiltration; may reach to
window level, or, in the case of an earth-sheltered structure, it may cover
three sides and even the roof

C. Earth contact--Structures that uSe ground mass temperature to help heat in
winter and help cool in summer, and usually constructed with a berm that
abuts but does hot cover the house to leave space for window light and
ventilation

D. Entry lock--An entrance-exit area constructed with two doors so arranged
that when the outside door is opened, the second interior door is closed to
prevent the infiltration of outside air into the interior of the structure, and
the outside door is closed before the interior door is opened to further
confine infiltration to a minimum

E. Natural otientation--The careful attention to site planning that physically
places a home so it can best take advantage .of local geographiCal, meteoro-
logical, and ecological patterns

(NOTE: This usually means south facing windows for maximuni winter
sunshine, and summer cooling with prevailing southwesterly winds, few
or no windows facing prevailing -winter windi ftom the northeast, and
the advantageous use of deciduous trees to the south and west for summer
shade and winter, sunlight with evergreens north and east to shield against
winter wind.)

F.- Clerestory windowA vertical window placed in a wall or a roof; it permits a
NRatural light supply to the interior; it is frequently placed above one's line of
vision

G. Photovoltaics--The science of producing electrical current and voltage
from sunlight through a conversion medium of silicon solar cells

H. Solid-to-void ratioThe relationship of solid materials to open spaces in a
storage facility; usually expressed in percentages.

Example: A storage facility with a 30 to 70% solid-to-void ratio means
that .70% of the storage volume is occupied by solid materials
and 30% of the storage volume is occupied by open or void
spaces in which air can be stored or through which air can be
moved
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II. Orientation for natural ventilation

A. Prevailing summer breezes can be used to cool a home

B. The ideal orientation 'of the side of the house throug which the breezes
should enter is an oblique angle 20° ,to 700 between the wall and wind
direction (Figure 1)..

(NOTE: Your local weather bureau can give you the prevailing winds in
your area, and a local airport has extensive knowledge concerninglocal
wind patterns.)

FIGURE 1

ammo

Courtesy U.S. Department of Energy

C. Try to retain a south-facing orientation for large window areas

D. To protect facades from winter winds, locate evergreens, fences, and earth
berms on the north side of the home

(NOTE: This orientation may vary to northeast or northwest depending
on prevailing winter winds.)

E. On a south-facing hill, breezes tehd to move up the hill during the day and
down the hill at night

F. Near a body of water, breezes move from the water to the land during
the day, and move in a reverse pattern at night

G. Natural ventilation and cooling can be increased by using casement-type
windows or partially-opened shutters on the windward side of the house

(NOTE: Casement windows and shutters form projections which create
mini-pressure zones in front of the window openings, and actually increase
the velocity of the breeze passing into the openings.)

1"klk)
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III. The importance of wall-roof ratios

A. During the winter months, a large amount of he loss in a home occurs
through exterior walls and particularly through a around windowi and
doors in those walls

B. A rectangular house configuration inc oof area and decreases wall
area; this is advantageous because it is include more insulation in
tha.roof than in the walls

C. A rectangular house configuration al o affords 'or rooms with less
exposure to the outside, and,window rea can be ed, yet still provide
major window exposure to the.south Figure 2)

ossible

FIGURE 2

-Courtesy U.S. Department of Energy
. -

WaWs.to useatriums in passive solar design

A. An atriufri should be designed so that it is central to the other rooms in the
home

B. Windows should be-expOsed to the inner atrium instead of tO the outside
to obtain a significant (eduction in heat loss through windows and walls
(Figure 3)

FIGURE 3

Courtesy U.S. Department of Energy

15
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C. Even if the atrium is unheated, the skylight will warm the atrium to a
temperature higher than that outside in winter

D. Double or triple energy savings can be experienced if the atrium is used with
insulated shutters as a passive solar collector

E. Heat gam in summer weather can be reduced if proper sun control and
shading devices are used

V. The uses of earth berms in passive solar applications

A. Earth-berming and the introduction of below-grade living spaces requires
careful attention to waterproofing, foundation drainage, insulation, exits and
entrances, and humidity control

B. Earth-berming homes requires special attention to moisture proofing, ro-
dents, insects, and even tree roots

C. Earth is usually not a good insulator; its major benefit is its capability to
moderate temperature change and provide protection from cold winter
winds

(NOTE: The insulating properties of earth vary with locale and application,
so the general rule stated above does have exceptions.)

D. From four to five feet below grade, earth has a relatively constant tempera-
ture of 55°F, and a duct with a small fan located in the berm can provide a
simple passive cooling system

E. When bedrooms or other living areas are located below grade, the amount
of excavation need not be increased, but the first floor it raised slightly to
provide a minimum 7!-6" ceiling height; this height will accommodate 2'
high clerestory windows and make the below grade living areas much more
liveable (Figure 4)

FIGURE 4

ti

Courtesy U.S. Department of Energy
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F. When conventional windows are used, say with 3' high sills, earth can be
bermed to the first floor sills (Figure 5)
FIGURE 5

k-r- - S., %---:, / ,.

Courtesy U.S. Department of Energy,

G. Maximum utilization of passive solksaajle obtained with an earth berm
that reaches to the roof save; ventilation becomes an important concern in
this design, and attention to ground water pressures and waterproofing are
especially important (Figure 6)

FIGURE .6

Courtesy U.S. Department of Energy
,?

VI. Entry locks ancrtheir uses in passive solar design

A. Large amounts of heated or cooled air may escape from a home each time
a door is opened directly to the outside; entry locks decrease this heat loss
and heat gain

B. An entry lock is desired to provide two doors, only one of which is nor-
mally open at any moment, separated by a small unheated or uncooled
air space a

159
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C. An entry lock may be designed into the i terior of the house (Figure 7)
FIGURE 7 471_

101111111
NNW

-4411

Courtesy U.S. 0%4artment of Energy

D. An entry lock may be designed onto the exterior of the house or added
to an existing house (Figure 8)
FIGURE 8

Courtesy U.S. Department of Energy

VII. Greenhouses and their uses as entry locks in passive solardesign (Figure 9)

A. An entry lock-designed as a, greenhouse takes advantage of radiation through
large glass areas ,to keep ratures at reasonable levels, even without
supplementary heating, in winter

B. By adding plants and other insulating and shading devices, an entry lock
greenhouse can moderate heat gain in summer

An entry lock greenhouse increases the thermal resistance of the outside
envelope of a h6use by

&MP

1. Increasing the outside temperature of the main exterior wall in cold
weather and delreasing it in warm weather

2. Reducing infiltration losses around doors and windows

1C I)
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D. When so designed, an entry lock greenhouse can be utilized year round
for growing vegetables and other plants

Courtesy U.S. Department of Energy

VIII. Window shutters and their use in passive solar design (Figure 10)

A. Shutters must have genuine insulating value; the best shutter is one with a
wood face and an insulating core

FIGURE 10

Courtesy U.S. Department of Energy

^...........



170

INFORMATION SHEET

B. ,Shutters should be opened in relation to sun movement (Figure 11)
FIGURE 11

Location of Shutters Winter Opening Time Summer Opening Time

East wall 8 a.m.-11 a.m. 1 p.m.-4 p.m.

South wall 8 a.m.-4 p.m. 7-9 a.m.; 3-5 p.m.

West wall 1 p.m.-4 p.m. 8 a.m.-11 a.m.

North wall Any 3 daylight hours 8 a.m.-7 p.m.

IX. Passive design features that function to complement each other (Transparency 1)

A. One-story rectangular configuration

B. Minimum perimeter distance

C. Window shutters

D. Atrium and entry locks

E. Earth berming

F. Maximum insulation in roof and walls

G. Weatherstripping and storm windows

(NOTE: These features have been tested in a test situation in New York
state and, in combination, have reduced heat loss by more than 30%, re-
duced heat gain by more than 20%, and reduced hot water cops by more
than 35%.)

1 4.-00 Au,
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X. Other passive solar concepts and their characteristics

A. Solar window shutter-This hinged shuIter can be inclined to the appropriate
radiation angle; it retains solar radiation and has operable vents to facilitate
heat transfer into the room when the shutter is closed (Figure 12)
FIGURE -12

1

1
Courtesy U.S. DepartMent of Energy

1

B. Solar window unit--This collector incorporates collection, storage, and direct
venting into the room; would probably have to be used in a southeast room
(Figure 13)

FIGURE 13

Courtesy U.S.

'5-1"
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Department of Energy
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,-*
C. Solar collectors on earth berms--The berm angle should be the same as

the average solar radiation angle for the locale; unit is self -qontained and heat
is transferred into the home by convection and by manually-operated vents
(Figure 14)

WINDOW
CLOSED

FIGURE 14

WARM AIR DUCT

ROCK STORAGE BIN SOLAR
COLLECTOR

EARTH BERM

COOL AIR RETURN DUCT

Courtesy U.S. Department of Energy

Ttirombe, wall--A thick wall, usually of concrete or Lorick, that functions
as a natural collector and storage area combined and takes advantage of the
convection tendencies of heated air to circulate warmed air through a space
(Figure 15)

FIGURE 15

VENT
Leg C

4.-- MASSIVE
f_

4LOSED
CONCATE --

eli.IN'§
---

_
trIAX$ .

WINTER 11. 1771

GLASS WA

VENT OPEN

SUN'S 4A ifs

Courtesy U.S. Department of Energy
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XI. The process for making photovoltaic solar cells

A. Silicon crystals obtained from sand. go througl-on extensive' purification
pcocess

Amp

B. Silicon crystals are grown in cylindrical ingots .from purified molten silicon
(Figure 16)

FIGURE 16

MOLTEN
SILICON

1=7]
-

Courtesy Solar Energy Research Institute

C. The cyendrical ingots are then sliced into wafers (Figure 17)

FIGURE 17 .

SLURRY WITH
CUTTING COMPOUND

INGOT
SUPPORT (WAX)

-*WAFERS

Courtesy Solar Enirgy Research Insfitute

D. The wafers are then, connected and formed into easy to handle modules
(Figure 18)

4.

FIGURE 18

It)

ItI we
Courtesy Solar Energy Research Institute
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XII., How a photovoltaic solaP cell works

A. When sunlight strikes the solar cell,. internal eiectrons are energized and
electricity is generated

B. Useful electricity is drawn off through wires attached to the cell

XIII. Components of a photovoltaic system and their functions (Transparency 2)

A. Solar cells--Suppl/ a fixed current through interconnections between mod-
ules or arrays of modules

.......

B. Storage batteries--Act as buffers between the solar cell array and the load,
the device using electricity; supplies power to the load during periods of
insufficient sunlight and recharged during periods of high sunlight

C. Blocking diode--That part of the power conditioning equipment which
prevents battery current fro"' draining back into the away at night when the
system is not producing power

D. Voltage regulator-Thai part of the power conditioning equipment which
prevents the batteries from overcharging, a condition which shortens battery
life

I E. Inverters--That part of the power conditioning equipment which changes
the direct current produced by the photovoltaic array into alternating
current 4

F. Storage/backup system--An arrangement in a larger photovoltaic application
whereby.a local utility purchases excess electricity produced by the system
during, sunny days, and supplies the user with electricity during cloudy days
or at night when the system requirevore electricity than it can produce

XIV. , Terms concerning solar access and their definitions

--

A. Solar skyspace--That portion of the sk'y a collector must "see's to perform
effectively

(-
B. Solar time-Time expressed in relation to the position of the tun in the sky

C. Sdlar noon--The time at which the sun is at its highest poifit in the sky

(NOTE: Local time is often different f'rom solar time; in other words,
at solar noon the sun is at its highest pdint, but thii time might not corre-
sibond with noon local time.) ..

D. - Winter solstice-December 21; the time when the suis at its lowest altitude
in the sky and shadows are the longest .I.

E. Summer solstice--Usually June 21; the ,tirre when the sun is at its highest
altitude in the sky and shadows are the shortest

e
N,
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XV. Solar azimuth and its use in solar access planning

A. Solar azimuth is measured from true south, with a negative value to the east
and positive value to the west

(NOTE: Do not confuse solar azimuth with true or magnetic north which
is what azimuth means when used in a navigational sense.)

B. Since solar access planning involves protecting solar collectors from obstruc-
tions lying to the south of the collectors, the concept Of a true south solar
azimuth.makes it easier to determine skyspace and analyze shading and the
casting of shadows (Figure 19)

Example:

FIGURE 19

SUMMER
SUNRISE

At 40 degrees north latitude on December 21, the altitude of
the >sun at funrise is a large negativeione, 59 degrees to
the east of south, or a conventional azimuth of 121 degrees;
the azimuth increases until it reaches the same positive
azimuth as its negative rising azimuth, +59 degrees west of
south, or a conventional azimuth of 239 degrees; in summer,
the solar azimuth increases to a -121° at summer sunrise and
a +121' at summer sunset

59°

SUMMER - 590 WINTER121'.
SUNSET VV SUNSET I

Courtesy U.S. Department of Energy
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XVI. Skyspace and its use in solar access planning

A. The angles of solar altitude and solar azimuth define skyspace, and it is
skyspace that must be protected from shading by trees, buildings, or other
obstructions

B. The altitude of the sun on December 21 and June 21 determines the upper
and lower boundaries af needed skyspace

C. 45 degree solar skyspace azimuths are suitable for latitudes up to 40 degrees
north (Figure 20)

FIGURE 29

A

ODD OE

Adr-71\\

Solar Skyspace (Plan View)

/ 450 45- \ / "
DUE SOUTH

BEARING

45°

Courtesy U.S. Department of Enew

D. At latitudes beyond 40 degrees north, solar skyspace_azimuths should
be 50 degrees for both a.m. and p.m. angles (Transparenby 3)

XVII. Rules of thumb for planning solar access

A. In most cases, it is the lowest altitude of the sun reached on December
21 that is most important for protecting solar access

B. On December 21, shadows are the longest, and it is usually safe to assume
that if longer shadows do not shade a collector, then shorter shadows will
not shade it, either

C. It is not necessary that SOlar collectors be guaranteed access to the sun from
sunrise to sunset because solar altitudes below 12 degrees are essentially
useless for solar energy,. collection purposes

D. It is almost impossible to maintain complete open space from horizon
to horizon around a solar collector
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E. The solar skyspace that must be protected is also dependent on the nature of
the solar energy system being uied, and the time of day and season of the
year in which it is to be used (Figure 21)

FIGURE 21

Use

Skyspace and Solar Energy Use Table

Skyspace

Hot Water Heating

Space Heating

Air Conditioning

Year-round--use lowest winter
and highest summer altitude to
determine skyspace

Heating season onlyuse lowest
winter and medium spring/fall
altitude to determine skyspace

Cooling seasr onlyuse medium
spring/fall and highest summer
altitude to determine skyspace

CoUrtesY U.S. Department of Energy

XVIII. Basic levels of solar access and their requi-rements (Figure 22)

A. Rogkop protection--Protects the sunlight falling on south-facing rooftops of
new dwellings and apartments constructed in a community

B. SoUth wall ProtectionProtects south walls of new construction

C. South lot protectionProtects part of a lot Ojacent to a south-facing wall
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D. Detached collector protection-Protects part of a lot for use by çetached
solar systems

FIGURE 22

Courtesy U.S. Department of Energy

1

XIX. Shadow patterns and their significance
ii.

A. A shadow pattern is the composite shape of a shadow cast by an object
over fixed solar azimuths

B. A shadow pattern represents every spot shaded by an object dtring an
entire time period, although only a small portion of shadow pattern will be
shaded at any given time t

C. Winter shadow patterns are mast valuable because they represent the worst-
possible-case, and when solar access is protected in winter, it is usually
protected in summer

D. Shadow pattern data, whether collected by aerial photographs or taken in a
car with a "windshield survey," should be taken at least three times; Morn-
ing, n'oon, and afternoon on December 21

E. Shadow patterns may be calculated by formula or by using shadow length
tables

(NOTE: A sample procedure for calculating shadow patterns follows in
Assignment Sheet #1.)

'XX. Tree characteristics that must be considered in solar access planningilb.

k

A. Mature height of trees of a species

B. Mature diameter of the tree crown

C. Seasonal variations in foliage, taking i6o account the distinction between
deciduous species, most of which shed leaves-in autumn, and evergreen or
conifers which mostly do not shed leaves
//i
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D. The distance from the ground to the crown (Figure 23)
FIGURE 23

RS-179
,

SUN SHINES UNDER BRANCHES / SUN SHINES THROUGH (
MORE RADIATION REACHES <=1 N EfRARCHES LESS RADIATION

COLLECTOR REACHES COLLECTOR

Courtesy U.S. Department of Energy'

XXI. Topography and its relation to solar skyspace

A. Changes in topography do not change solar skyspace, but it can change
the distance between the ground and the lower edge of the skyspace

-
B. A south slope automatically aims its collector higher, so neighboring objects

can be higher without casting shadows on it

C. A collector on a north slope will be aimed toward the crest of, a hill, so even
very short objects may cast shadows on the collector (Figure 24)

FIGUPIE 24

K N

DISTANCE A IS GREATER THAN B. AND B IS GREATER THAN C.
_ Courtesy U.S. Department of Er'kergy-

1

-,
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XXII. Regulations and codes affecting solar applications

A. Solar access laws--Laws passed by state or local governments; these laws
restrict the building of structures that would block neighboring sites from
access to the rays of sunlight

B. Solar easements--State or local laws which set specific space requirements for
solar access in much the same manner that easements are set aside for
utilities

(NOTE: A model ordinance for solar access laws and solar easements is
available from HUD User, P. 0. Box 280, Germantown, MD 20767.)

C. State and lotal building codesCodes setting up standards for plumbing,
electrical, mechanical, ahd general structural component quality of structural
matqrials; 'some codes have been modified to expressly treat solar applica-
tions and others have not; it is always best to check local codes, in particular,
before starting a solar application

D. Guidelines for solar collector installation on roofs--Since solar systems
require maintenance, considerations must be given to the placement of
collectors; rooftop traffic pads have to be installed so maintenance personnel
can walk around the collectors, collectors must be a safe distance from the
edge of the roof, and installation procedures should respect the integrity of
the roof

; .
(NOTE: These guidelines were prepared by the National Bureau of Standards
and are available from the Superintendent of Documents, U.S. Government
Printing Office, Washington, D.C., 20402.)
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Passive Solar: Design with Complementary Features
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Courtesy U.S. Department of Energy
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Solar Skyspace Angles

Solar Skyspace (Plan View)

Winter Rra
Patht411111ille/ 7

5

Sun

RS-185

Solar Skyspace (Isometric View)

Summer
Sun
Path

Skyspace

'Summer
Sun
Path

A ,lkAil
Winter 450 .

Sun 3PM
Path

Recommended Skyspace Angles for December 21st

0°
Noon

Latitude
AM/PM Position

Azimuth Altitude Noon Altitude
Percent

Radiation-
25' 45' 25' 42' 76%

30' 45° 20' 37° 80%

35' is 16° 32' 85%

40' 45' 12" 27° 90%

45. (50) (121 22' 88%

48*** (50") (lr) 18' 87%

The AM/PM angles presented in this chart are the same for both east of south andwest of soutg For
example, if the skyspace azimuth is SO', then the protected area goes from 500 east of south to SO' west
of south.

"'The 50* azimuths are not based on December 21st, but are suggested as a compromise to assure solar
access during the entire heating season exclusive of the winter solstice period Similarly, the 12 degree
attitudes apply only to those months when the sun's path is 12 degrees above the horizon within the SO
degree azimuth angles.

IRadiation is based on the percentage of total available radiation falling on a horizontal surface on
December 21. Example: If the skyspace between 45' east of south and 450 west of south is protected at
317,tatitude, then 80% of /he available radiation will strike the collector If the collector is tilted, then
these percintages may be even higher.

Courtesy U.S. Department of Energy
1.
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV 0-

ASSIGNMENT SHEET #1--CALCULATE THE SHADOW PATTERN OF A POLE

Directions: Use the shadow length table and the procedure in the following example to
calculate and diagram shadow pattefns of a pole.

DATA: Pole is 30 feet high, location is 40° north latitude, and the pole is on land that
slopes to the southeast at a 10% grade; all data is for December 21

Shadow Length Table for 40° North Latitude

LATITUDE 40°

SLOPE AM
N

NOON PM AM
NE

NOON PM AM
E

NOON PM AM
SE

NOON PM AM NOON PM
0% 4.8 2.0 4.8 4.8 2.0 4,8 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2.0 4.8
5% 5.7 2.2 5.7 4.8 2.2 6.2 4.1 ao 5.7 3.8 1.9 4.8 4.1 ,1.8 4.1

10% 7.2 2.5 7.2 4.8 2.3 9.1 3.6 2.0 7.2 3.2 1.8 4.8 3.6 1.7 3.6
15% 9.6 2.9 9.6 4.8 2.6 16.6 3.2 2.0 9 1 2.8 1.7 4,8 3.2 1.6 3.2
20% 14.5 5.4 14.5 '4.8 2.8 97.5 2.8 2.0 14.5 2.4 1.6 4.8 2.8 1.5 2.8

14,r STEP 1: From the above table, find the shadow length values for a.m., noon, and p.m.

STEP 2: Read the intersection of the columns labeled "SE" and "10%" as indicated on the
shadow length table

STEP 3: Multiply all values by, in this case, 30, because the values given in the table are for
a one-foot pole

a.m, value x pole height = a.m. shadow length
3.2 30 96 feet

noon value x pole height = noon length
1.8 30 54 feet

p.m. value x pole height = p.m: length
4.8 30 144 feet

**4
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STEP 4: Scale the shadow lengths out on paper as viewed from overhead and connect the
end points as shown in Figure 1

I.. FIGURE 1 Shadow of pole on Dec 21 at 40° Latitude
on a 10% S.E Slope

°-

96'

45? boundaries of skyspace are used to define area
ofIshadow tha: will block important sunlight.

4
Courtesy` U.S. DepTtnent of Energy

STEP 5: Your instructor will-providWYou with the height of three poles in the vicinity of
your classroom, and may arign actual-or imagined grodes to the land tlyrrore on;
assume w latitude of 40' north, calculate the a.m., noon, and p.m. shadow lengths
as shown in STEP 3, anti scrap thesharjow patternito form diagrams as shown in

-
STEP 4

(NOTE: Ur graph paper the same size as that usecr by other students so that
your scale diagrams can be compared with those of other students when the
activity is completed.) I

-

1 ." "
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

JOB SHEET #1--ORIENA MODEL HOUSE AND LANDSCAPE
A MODEL LOT FOR MAXIMUM SOLAR BENEFIT

I. Tools and material/ s,
..

A. Scissors

B. Tapie

C. Straightedge

D. Worksheetsk B, and C
k

E. Lamp for light source* It
II. Procedure

A. Cut and fold the model ho
taping

V

RS-189

se in Worksheet A, and assemble it without

. 1

B. Place the fokled modelahouse o the mo

C. Determine the best location for ro m, w

I:1;i yard the moillel housaand draw n the
,

E. Refold the model house and tape it
..,

F. Tape the roof in place

In. Place the taped model house on the plot plar)

t H. Cut out the model trees and shrubs in Worksheet C and fold the bases

I. Tape toothpicks to the back of tree models% give them eccded strength

el plot plan i'n Worksheet B

ow, and door placements

indov and doors a
ogether

-
J. - Use as many tree Models as you feel Lrefiecessary foe the site, and tape all

additional models into place as they shoul be in suinmer weather :
(NOTE: Remember that most deciduous trees lose.their leaves in autumn.)

0
,

K. $et the light source from the lamp at the approximate angles the sun would
' . have in sumrher .

L. Check the effectiveness of summer shading on your model
t

M. Remove the deciduous summer trees and ,replace them with deciduois
,trinter tree models '
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N. Set the light source from the lamp at the approximate angles the sun would
have in winter

0. Check the effectiveness of available sunlight for your winter model

P. Answer the following questions:

1. How does your model house pare to those of other students in
placement of windows and doors7

2. In which direction should the largest roof overhang face to take advan
tage of winter sun while avoiding summer sun?

).14

3. If an earth berm were recommended for your Model house, -where
would you place it?

4. If your model lot were on a south-facing hill, would that affect the
orientation you selected?

5. Explain your answer to question

6. If your model home site had a lake one-quarter mile due westwould
that affect the orientation you selicted?

7. Explain your answer to question 6.

8. What kiQd of windows and window arrangements would you recom-
. mend for your model home?

1S1
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JOB SHEEIr #1

WORKSHE T A

II

Roof #1 Hduse #2

Roof #2

RS-191
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JOB SHEET #1

WORKSHEET B

(

KEY

Fence (Indicate Height)

Driveway.

Sidewalk

/Or

1 3

s-
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JOB SHEET #1

WORKSHEET C

VA

LARGE DECIDUOUS .

(FOLD UNDER)

RS-193

C.



4r

PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

JOB SHEET #2--BUILD AND OPERATE A SOLAR STILL

Tools and materials

A. Strong, flexible, transparent filaitic sheet at least 1m (39-inches) square

(NOTE: Plastic storm window covering will do.)

B. everal fist-size'rOcks

C. Shovel

D. Two thermeters

E. Wristwatch or stopwatch

F. Piece of cardboard large enough to cover half a thermometer

G. Graph paper

H. Collecting vessel a aduated cylinder

I. Cobalt_chloride 74fpaper (optional)

J. Protractor

Procklure

A. Dig a hole ibopt 80cm (32") in diameter and 30cm (12") deep, and place
the soil to one Aide

RS-195
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JOB SHEET #2

B. çenter the graduates cylinder or coJlecting vessel in the bottom of the hole_
(Eigure 1),

FIGURE 1

CARDBOARD COVERED
BULB THERMOMETER

THERMOMETER SHOULD
BE COVERED

BY SHEETING

0 . 80cm.
. o' .ROCK e:s
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WATER AIR 3Ocm. LEAR PLASTIC-SHEET
..:,..i, 0 o

. . CA , ROCKS' ''''°-.° *7
ett 0 s, 10 APCi . ea . 0

° 0 °Sol Cam, ..4'°.
7

Courtesy- U.S. Department of Energy

C. Place the plastic sheet over the hole and firthlY anchor one edge with small
rocks

. \
D. Pike one small rock in the, center of te plastic sheet direcily over the .

collecting vessel, while allowing the plastic sheet to stretch to-at least a 346
angle from the horizon

(NOTE: Have another student help with this step; one should manage the
weighted plastic sheet while the other uses the prqtractor to properly attain
the right angle.)

E. Seal the other edge of the plasticsneet with soil and small rocks

F. Insert.one thermometer under the plastic sheet with the bulb extending
-into the air chamb,rbeneath the plastic sheet

b.

(NOTE: Be sure to position the thermometer so he scale can be read.)

Place the other therrnometer at the otWr edge of the sheet, cover the half of
the 2thenhometer with the bulb on ii with cardboard, and position the
thermometer so the scale can be read

H. Simultaneously record the temperatures of both the inside and the outside
therrnometers at two-minuie intervals

1 ;-,) *:6. 111
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JOB SHECT

Enter vour readings in the following data table:

'Reading # Inside Thermometer Outside Thermometer

1

2

3

4

5 i

6
* '

7 .
.

8

,

10 . -

J. Remove the plastic sheet after 20 Triinutes have passed

K. Retrieve the collecting vessel

L. Pour the contents of the collecting vessel into a graduated cylinder and
record the amount of liquid collected in milliliters (ml)

M. Check the liqud collected to determine its identity

(NOTE: Cobalt chloride paper may betkused for this test, bUt chances are you
can identify the liquid with no great difficulty.)

N. Fill in t1Ie hole and return" the shovel and other equipment to a proper
storage area

0. Answer the folloWing questions:

1. Where did the water come frail?

2. why did therter collect on the underside of the plastic sheet?

3. Why did the water drip into the collectinb vessel?
,
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JOB SHIET 2

How did solar energy cause the sti I to operate?

If you were stranded in the desert w h no water, and had the proper
equipment in your survival gear, what suld you do?

..

hat do the readings in your data table r flect concerning the opera-
t on of a solar still?
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

NAME

TEST

1. Match the terms on the right with their correct definitiOns.

a. A hallway or small ,court usually used as an
entry way

b. Earth placed around exterior walls to provide
pittection from extreme temperature changes,
heavy winds, and air infiltration; may reach to
window level, or, in the case of an tarth-
sheltered strwcture, it may cover three \sides
and even the roof , *

c. Structures that use ground mass temperature
to help heat in winter and help cool in sum-
mer, and usually constructed with a berm that

ts but does not cover the house to leave
e for window light and ventilation

d. An entrance-exit area constructed 'with
two doors so, arranged tbat when,the outside'
door is opened, the sectlitd interior door is
closed to prevent the infi ration of outside
air into the interior of the structure, and
the outside Ow is closed before the interior
door is opened to further confine infiltration
v1/4a minimum_

e. The careful attention to site planning that
physitally places a home so it can best take

. advantage of local geographical, meteorolog- ;
ical, and ecological patterns

f. A vertical window placed in a wall or a roof;
it permits a natural light supply to the interior;
it is frequently placed above one's line of
vision

g. The science of producing electrical current
and voltage from sunlight through a conver-
sion medium of silicon solar cells

40
h. The relationship of solid materfils to open

spaces in a storage facility; usually expressed
in percentages

It

1. Entry lock

2. Atrium

3. Photovoltaics

4. Natural
Orientation

5. Earth berm

6. Clerestory
window

7. Earth contact

8. Solid-to-void
retro

RS-t96
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2. Select true statements concerning orientation for natural ventilation-by placing an
in the appropriate blanks.

a. Prevailing summer breezes can be-used to cool a home

b. "The ideal orientation of the side of the house through which the breezes
should enter is a right angle 20' to 90° between the wall and wind directidn

c. Try to retain a north facingorientationior large window areas

d. To protect facades from winter winds, locate evergreens, fences, and earth
s berms on the north side of the home

e. On a south-facing hill, breezes tend to move up the hill during the day and
down the hill at night

f. Near a body of water, breezes move from the land to the water during
the day, and move in a reverse paittern 41 night

4. ,!

g. Natural ventilation and cooling can be increased by using casement-type
windows or partially-opened shutters on the windward side of the house

3. Solve the following problem concerning the importance of wall-roof ratios: A rectan-
' gular house configuration increases roof area and decreases wall area; it also provides

interior rooms iiith lessexposure to the outside; what are the advantageroffered by
these two conditions?

9

4. Complete, the following list of statements- concerning ways to use atriums in passive
solar design.

a. An atrium should be designed so that it is

rooms in the home
to the-other 1:

4
b. should be exposed to the inner atrium instead of to the,

outside to obtain a significant reduction in heat loss through windows and. waHs

c. Even if the atrium is unheated, the
to a temperature higher than that outside in winter

will warm the atrium

d. Double or triple energy savings can be experienced if the atrium is used with
as a passive solar collector

e. in summer weather can be reduced if proper sun control
and shading devices ar'e used

-r4k



5. Circle the words which best complete the following statements concerning the uses af
earth berms in passive solar applications.

a. Earth-berrning and the introduction of below-grade living spaces requires careful
attention to waterproofing, foundation drainage, insulation, exits and entrances,
and (temperature, humidity)

b. Earth-berming homes requires special attention to moisture proofing, rodents,
insects, and even (temperature change, tree roots)

c. Earth is usually not a good insulator; its major benefit is its capability to moder-
ate temperature change and provide protection fi4orn (torna6loo, *cold winter
winds)

d. From four to five feet below grade, earth has a relatively constant temperature of
(65°F, 55*F), and i duct with a small fan located in the berm can provide a
simple passive cooling system

e. When bedrooms or other living areas are located (above, below) grade, the
amount of excavation need not be increased, but the first floor is raised slightly to
provide a minimum 71-6" ceiling height; this 'height will accommodate 2 high
clerestory windoWs and make the below grade living areas much more liveable

f. When (conventional, clerestory) windows are used, say with 3' high sills, earth
can beberrned to the first floor sills

g. Maximum utilization of passive solar can be obtained with an earth berm that
reaches to the roof eave; (light, ventilation) becomes an important concern in this

-design, and attention to ground water pressures and waterproofing are especially
important

6. Complete the following list of statements concerning entry locks and their uses in
passive solar design.

a. Large amounts of heated or cooled air may escape from a home each time a door
is opehed directly to the outside; entry locks decrease us heat loss and

b. An entry lack is designed to provide two doors, only one of which is normally
open at any momentAeparated by a small unheated or uncooled

c. An entry lock may be designed into the interior of the house

d. An entry lock may be designed onto the exterior of the house or

7. Select true statements concerning greenhouses and their uses as entry locks in passive
solar design by placing an "X" in the appropriate blanks.

a. An entry lock designed as a greenhouse takes advantage of radiation through
large glass areas to keep temperatures at higher than average levels, even

. without supplementary heating, in winter

b. By adding plants and other insulating and shading devices, an entry lock
greenhouse can moderate heat gain in summer

RS-201
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c. An entry lock greenhouse increases the therMal resistance of the inside
envelope of a house by

..-

1. Increasing the outside temperature of the.,main exterior wall in cold
weather and decreasing it in warm weather

2. Reduci gi infiltration losses around doors and windows

d. When _so designed, an entry lock greenhouse can be utilized in the summer
for growing vegetables and other plants .

, .Solve the" following problem concerning window shutters and their use in passive
solar design: Window shutters are decorative, but they must have another genuine
value; what is that value and what type of shutter would best fulfill that value?.

1

9. List six passive solar design features that function to complement each other.
. '

a.

b.

c.

d.

e.

f.

I
#

-

i

10. Match other passive solar concep4s on the right with their

.,a. This can be inclined to the appropriate
radiation angle; it retains solar radiation and
has operable vents to facilitate heat transfer

, into the room when the shutter is closed

b. This collectOr incorPorates collection, storage,
and direct venting into the room; would
probably have to be used in a southeast room

la
c.' The berm angle should be the same as the

average solar radiation angle for the locale;
unit is self-contained and heat is transferred
into the home by convection and by manually-
o erated vents

...--"--

d. Usually ./off concrete o it functions
at a natuhl collector and storage area com-
bined and takes advanta f the convection
tendencies of heafed air t circulate warmed
air through a space

)
Ill 4

,

characteristics.

c

,

1. Solar window
shutter 1

2.

lb

Thrombe wall_

Solar
collectors on
earth berms

4. Solar window ,
unit

N

I

-



I
i

,RS-20

. . 1 .
f 1 Arrange in order the process for making photovoltaic solar cells by placing the correct

sequence number in the appropriate blanks.
.

a. The cylindrical ingots are then sliced into wafers
/

--,---b. Silicon crystals are grown in cylindrical ingots from purified molten silico

c. Silicon crystals obtained from* sand
process

.

go ,through an extensive pyrificati n

d. The wafer; are then connected and formed into easy to handle modulles

12. State how a photovoltaic solar cell works.

.a.

b.

-
a

13. Match the componers of a photovoltaic system on th

' a. ".4,1pplya fixeRi current throLigh interconnec-
.

tions between moclules o rrays of modules

b. Act as buffers betheen the solar t e ll array
and the load the dev4 using electricity;
supplies power to the toaci during periods of'

1

insufficient sunlight and recharged during
'periods of high sunlight

c. That part of the power conditioning equip-
ment which prevents ,battery current from
draining back into the array at night when the
system is not producing power

d. That part of
ment which pr
overcharging, a
etery life

power conditioning equip-
vents the batteries from
orulition which shortens

e. Plat part of the power conditioning equip-
ment which than s the direct current pro-
duced by the phot ic a ay into alte
nating turrent

,

J

An IPPangement in a larger photovoltaic
application whereby a local utility purchases
excess electricity produced by the -system
during sunny days, and supplies the user with
electricity during cloudy days or at night
when the system requires more electricity
than it can produce

e right with their functions.
-

1. Inverters

2. Blocking diode

3, Solar cells

4. Voltage regulator

"- 5 Storige/backup-4.

N-N-... system .

6. St age batteries

tinN . o

.-

.
1 ,

I

1
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1

14, Match the terms concerning solar access on the right v.qi, their correct definitions.
e . $1Ir

. . a. That portion of ..the sky a collector must 1. Solar noon
"see" to perform effectively

J 2. Summer solstice
Time expressed in relation to the positx of
the sun in the sky 3, Solar skyspace

,

Eh.

c. The time at which the sun 1 its highest 4. Solar time

p t in the sky
5. Winter solstice

d. December 21; the time Whe'n the sun is
at its lowest altitude in the sky and sha9ows
are the longest

e. Usually June 21; the time when the sun
is at its highest altitude in the sky and shad-
ows are the shortest

15. Complete the following list of statements concerning solar azimuth and its use in solar
access planning.

a. Solar azimuth is measured , with a negative value
to the east and positive value to the west

b. Since solar access planning involves protecting solar collectors from obstructions
lying to the south of the colrectors. the concept of a true south solar azimuth
makes it easier to
and the casting of shadows

1 6. Select true statements concerning skyspace fld its use in solar access planning by
plating an "X" in the appropriate blanks.

a. The angles of solar altitude and solar azimuth define skyspace, and it is
'skyspace that must be, protected from shading by trees, buildings, or other
obstructions

4".

b. -The altitude of the sun on December 31 and June .31 determines% upper
and lower boundaries of needed skyspece

c. 45 degrelar skyspace azimuths are, suitable for latitudes up to 40 degrees
north

d. At latitudes under 40 degrees north, solar skYspace azimuths should be
50 degrees.for both a.rri and p.m..angles (Transparency 3)

Circle the words which best cornplete statements concerning rulessof thumb for plan-
ning solar access. ;

a. 'In most cases, it is the (lowest, highest) altitude of the sun reiblaili on December
21 that is most important for protecting solar access

b. On December (21, 31) shadows are the longest, and it is usually safe to assume
that if longer shadows do not shade a collector, then shorter shadows will not
shadetX either
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c. It is not necessary that solar collectors be guaranteed access to the sun from 4

sunrise to sunset because solar altitudes below (12, 22) degrees are essentially
useless for solar energy collection purposes

d. 'It is almost impossible to maintain complete open space from horizon to horizon
around (a solar collector, solar skyspace)

e. The solar skyspace that must be protected is also dependentbn the nature of the
solar energy system being used, and the time of day and (month, season) of the
year in which it is to be used

18. Match the basic levels, of solar access on) the right with their

a. Protects the sunlight falling on south- ing
rooftops of new dwellings and apattm ts
constructed in a community

b. Protects south walls of new construction

c. Protects part of a lot adjacent to a south-.
facing wall

d. Protects part of a lot for use by detached
solar systems

1 .

2.

3.

correct requirements.

South lot
protection

Detached
collector
protection '

Rooftop
protection

4. South wall
protection

19. Select true statements concerning shadoW patterns and their significancrby placing an
"X" in the appropriate blanks.

a. A shadow pattern is the cotnposite shape of a shadow cast by an object over
fixed solar azimuths

b. A sh_adcw pattern represents every spot ihaded by an object during an
entire ti e period, although only a small portion of shadow pattern will be
shaded a any given time

c. Summer shadow patterns are most valuable because they represent the
, worst-possible-case, and when solar access is protected in summer, it is

usually protected in winter

d. Shadow pattern data, whether collected by aerial photographs or taken in,9
car with a "windshield survey," should be taken at least two times; morning
atid afternoon on December 21

e. Shadow patterns may be calculated only by using shadow length tables

20. List three tree characteristics that must be considered in solar access planning.

a.

b.

c.

1T5
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21. Solve the foJlowing problem concerning topography and its relation to solar skyspace:
A solar application dictates that the collktor will be on a north slope aimed at the
crest of a hill; what shading and shadowing problems shoujd be carefully considered?

221 gomplete the following list of statements concerning regulations and codes affecting
solar applications.

a. Solar access laws--Laws passed by state or local governments; these laws restrict
the building of structures that would block neighboring sites from access to

.

b. Solar easements--State or local laws which set specific space requirements for solar
access in much-the same manner that easements are set aside for

c. State and local building codes--Codes setting up staandards for
and general structural component

quality of structural materials; some codes have been modifiedexpressly treat
solar aprilications and others have not; it is always best to checktrool7codes, in
particular, before starting 'a solar application

d. Guidelines for solar collector installation on roofs-Since solar systems require
maintenance, considerations must be given to the placement of collectors; rooftop

have to be installed so maintenance personnel can
walk around the collectors, collectors must be a safe distance from the edge of the
roof, and installation procedures should reipect the integrity of the roof

23. Calculate the. shadow pattern of a pole.

24. Demonstrate the ability to:

a. Orient a model house and landscape a model lot for maximum solar benefit.

b. Build and operate a solar still.

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

v.+

qv.
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PASSIC/E t OLAR AND OTHER SOLAR CONCEPTS
. UNIT IV

ANSWERS TO TES-i-
,

a. 2 e. 4
b. 5 f. 6
C. 7 g. 3 .
d. t h. 8

2. a, d, e, g

3. It is impossible to include more insulation in the roof than in the walls, and window
area can be reduced, yet still provide major window exposure to the south

4. a. Central d. Insulated shutters
b. Windows e. Heat gain
c. Skylight

5. a. Humidity e. Below
b. Tree roots f. Conventional
c. Cold winter winds g. Ventilation
d. 55.F

6. a. Heat gain
b. Air space I

d. Added to an existing house

7. b

8. Window shutters must have a genuine insulating value, and a shutter with a wood face
and an Inulating core would best fulfill that value

9. Any six o2the following:

a. One-story rectangular configuration
b. Minimum perimeter distance
c. Windbw shutters
d. Atrium artd entry locks
e. Earth berming
f. Maximum insulation in roof and walls
g. Weatherstripping and storm windows

10. a. .1

b. 4
c. 3
d. 2

,

Or' 1

I

I

t
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12. a. When sunlight strikes the solar cell, internal electrons are energized and electricity
is generated

b. Useful electricity is drawn off through wires attached to the cell

13. a. 3 d. 4
b. 6 e. 1

c. 2 f. 5

14. a. 3 d. 5
b. 4 e. 2
c. 1

15. a. From true south.
b. Determine skyspace.and analyze shading

16. al c

17. a. Lowest d. A solar collector
b. 21 e. Season
c. 12

18. a. 3 .

b. 4
c. 1

d. 2
,

19. a, b

20. Any three of the following:'

a. Mature height of trees of a species
b. Mature diameter of the tree crown
c. Seasonal variations in foliage, taking into account the distinction between decidu-

ous species, most of which shed leaves in autumn, and evergreen or conifers which
mostly do not shed leaves

d. The distance from the ground to the crown

i

. 21. Even verV short objects may cast shadows on the collector

22. a. TAt rays of sunright
b. Utilities
c. Plumbing, electrical, mechanical
d. Traffic pads

23. Evaluated tto the satisfaction of the instructor .

.24. Performance skills evalyated to the satisfaction of the instructor

,

1 I 4 ,2, & ...... .1 ..

\\

11

,


